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Pregnancy at early age is a cross-cutting challenge, with estimated prevalence exceeding 
30 percent in many low and middle income countries (LMICs). Around 16% of adolescent 
girls give birth each year, constituting 11% of all births worldwide. Ethiopia is one of the 
countries where child marriage and adolescent pregnancy is high with a wide variation 
across regions, income groups and educational levels. According to the 2016 demographic 
and health survey (DHS) report, 13% of girls who were 15-19 years have already given 
birth or are pregnant of their first child. It also identified that it is as high as 15% in rural 
areas compared to 5% prevalence in urban population; as high as 23% and 19% in Afar 
and Somali regions compared to 3% in the capital Addis Ababa and 28% among girls with 
no level of education. 
 
 
Childbearing at young age, when the girl’s body is not physically mature enough to deliver 
without complications, usually leads to severe maternal and child health consequences. It 
is also linked with intergenerational cycle of poor nutritional status, health and poverty in a 
population. The pathways through which young maternal age associates with adverse 
newborn birth outcomes have remained a point of considerable debate. Researches 
attributed these consequences to maternal nutritional and environmental exposures during 
pregnancy. Similarly, physical growth trajectories of infants born to young mothers are 
suggested to be impaired due to suboptimal growth in the womb and adverse postnatal 
exposures. To date, most of the evidence is generated from developed countries and there 
is a paucity of evidence in comprehensively understanding the burden of undernutrition 
among young pregnancies and how it is related with infant birth outcomes and their linear 
growth in LMICs. The few available evidence is also from cross-sectional data and 
demographic and health surveys, which are not methodologically designed to capture birth 
outcomes and growth trajectories of the same group of population. This study then aimed 
to investigate the burden of undernutrition among these young pregnancies and how their 
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It further investigated the association between maternal age and linear growth of infants. 
Additionally, it also investigated household dietary diversity and animal source food 
consumption and pattern of consumption of the different food groups across various 
population characteristics.  
 
Chapter 1 introduces the extent of the problem of pregnancy at young age and its 
nutritional and health implications on women and children from the global and local 
perspectives. It also informs the need for conducting the present research. In Chapter 2, 
the aims of the study, setting and general methodological approaches applied are 
presented. Chapter 3 explored dietary diversity of households and pattern of consumption 
of various food groups across regions and socio-economic groups. This study identified 
that the diet of many of the households was based on cereals. Fruits and animal source 
foods (ASF) were rare components of their diet with significant proportion of them having 
low dietary diversity. Cereals were the most commonly (96%) consumed food groups. 
ASFs were consumed in greater proportion among households with higher household 
dietary diversity score (HDDS). Using a Multivariable logistic regression analysis, being 
part of the higher (AOR = 5.37, P < 0.01)and middle (AOR = 1.93, P < 0.01) wealth ,  
literacy (AOR = 1.79,P <0.01), urban residence (AOR = 1.83, P < 0.01), larger family size 
(AOR = 1.18, P < 0.01)and owning livestock (AOR = 1.58,P < 0.01)were positively 
associated with higher HDDS. 
 
Chapter 4 presents research findings from investigating the burden and determinants of 
undernutrion among young pregnancies. The study revealed 38% of the pregnant women 
were undernourished and 22% of them were anemic. The main determinants for these 
nutritional disadvantages among these young pregnancies were also investigated using 
multivariable poison regression analysis. The results suggest that Improved maternal 
education (RR=0.94, 95% CI: 0.89, 0.98), higher wealth tertile (RR=0.72, 95% CI: 0.47, 
0.95), higher minimum dietary diversity for women (MDDW) (RR=0.87, 95% CI: 0.77, 
0.98), increased maternal height (RR=0.96, 95% CI: 0.94, 0.98) and protected water 
source (RR=0.93, 95% CI: 0.86, 0.96) have decreased the risk of undernutrition while 
using unimproved toilet (RR=1.31, 95% CI: 1.06, 1.63) and depression (RR=1.33, 95% CI: 
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1.14, 1.55) increased the risk of anemia. Animal source food (ASF) consumption 
decreased both the risk of undernutrition (RR=0.85, 95% CI: 0.77, 0.94) and anemia 
(RR=0.91, 95% CI: 0.85, 0.95).   
 
We further investigated what the role of maternal nutritional status would be in the 
association between maternal age during pregnancy and newborn birth outcomes. The 
results in Chapter 5 indicated  that maternal nutritional status, measured by mid upper 
arm circumference (MUAC), mediated 21% of the association between maternal age and 
birth length and 14% of the association between maternal age and small for gestational 
age (SGA) delivery. The average direct effect (ADE) of maternal age on birth length was 
(β=0.45, 95 % CI: 0.17, 0.99) and the average causal mediated effect (ACME) was 
(β=0.12, 95% CI: 0.02, 0.15). The analysis also produced an ADE of maternal age 
(β=0.31, 95% CI: 0.09, 0.47) on SGA and an ACME of (β=0.05, 95% CI: 0.003, 0.205). 
The sensitivity analysis suggests an unmeasured confounder with a positive correlation of 
0.15 and 0.20 between the mediator and the outcome could explain the observed ACME 
for birth length and SGA respectively. The association between young maternal age and 
linear growth of infants was also investigated in the present study. It was identified that 
infant Length for Age Z score (LAZ) at baseline was negatively associated with maternal 
age of 15-19 years (β=-0.27, P=0.032). Infants from adolescent mothers tend to have 
lower length for age Z score (LAZ) at baseline compared to those born to 20-24 years old 
mothers. Their growth was also lower during the first 9 months of follow up time. However, 
the association didn’t remain significant over the follow-up time (P=0.105). Linear growth of 
infants was associated positively with improved maternal education and iron-folate intake 
during pregnancy and negatively with infant illness (P<0.05), Chapter 6. 
 
Overall, findings from this PhD study have important policy implications. They suggest the 
need for addressing the issue of adolescent pregnancy. It further highlights nutritional 
problems of adolescent pregnancies and their major determinants which need to be 
targeted while designing interventions. The findings also showed that maternal nutritional 
status plays a role in resulting adverse newborn birth outcomes from young pregnancies. 
This entails, addressing nutritional needs of adolescent girls before and during pregnancy 
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through various convenient platforms is important so that the intergenerational cycle of 
malnutrition can be broken. The fact that infants born to adolescent mothers start their 
infancy with a slower linear growth potential also indicates the nutritional insults can be 
intergenerational and postnatal interventions may be needed for a better outcome. 
Exposures like maternal educational status, economic status, water sanitation and hygiene 
(WASH) and psychosocial statuses were found to affect nutritional status of young 
pregnancies and subsequently newborn birth outcomes and infant growth. In light of these 
findings a multi-sectoral approach to decrease early pregnancy and address nutritional 
needs of adolescent pregnancies must be put in place in order to curb its generational 
effect of adverse maternal and child health and nutrition consequences. 
  
 




Zwangerschap op jonge leeftijd is een transversale uitdaging met een geschatte 
prevalentie die 30% overschrijdt in veel laag- en middeninkomen landen (Low and Middle 
Income Countries, LMICs). Jaarlijks baren ongeveer 16% van de adolescente vrouwen 
een kind, wat 11% van alle geboortes wereldwijd vormt. Ethiopië is één van de landen 
waar kinderhuwelijken en zwangerschappen onder adolescenten hoog ligt met grote 
variaties tussen regio’s, inkomensgroepen en onderwijsniveaus. Volgens het rapport van 
de demografische en gezondheid enquête (Demographic and Health Surveys, DHS) in 
2016, hadden 13% van alle meisjes tussen 15-19 jaar al een kind gebaard of waren ze 
zwanger van hun eerste kind. Het toonde ook aan dat prevalenties konden oplopen tot 
15% in landelijke gebieden, in vergelijking met 5% in stedelijke populaties; tot 23% en 19% 
in Afar en Somali regio’s in vergelijking met 3% in de hoofdstad Addis Ababa en tot 28% 
onder meisjes zonder enig niveau van onderwijs.  
 
Kinderen baren op een jonge leeftijd, wanneer het lichaam van een meisje nog niet fysiek 
volwassen genoeg is voor de geboorte van een kind zonder complicaties, leidt meestal tot 
ernstige gezondheidsgevolgen voor moeder en kind. Het wordt ook gelinkt aan de 
intergenerationele cyclus van suboptimale voedingsstatus, gezondheid en armoede in een 
populatie. De paden die bijdragen tot de associaties tussen maternale leeftijd en nadelige 
uitkomsten van geboorte bij pasgeborenen, blijven een aanzienlijk discussiepunt. 
Onderzoekers wijten deze gevolgen aan maternale voedingsstatus en 
milieublootstellingen tijdens de zwangerschap. Er wordt vergelijkbaar voorgesteld dat 
fysieke groeitrajecten van zuigelingen van jonge moeders geschaad worden door de 
suboptimale groei in de baarmoeder en nadelige postnatale blootstellingen.  
 
Tot nu toe komt het meeste bewijsmateriaal uit ontwikkelde landen. Er is schaars bewijs 
om uitvoerig de gevolgen van ondervoeding in vrouwen die op jonge leeftijd baren te 
begrijpen en hoe het verwant is met de geboorte uitkomsten van zuigelingen en hun 
lineaire groei in LMICs. Het geringe bewijs komt van transversale studies en 
demografische en gezondheid enquêtes, die niet methodologisch ontworpen zijn om 
geboorte uitkomsten en groei trajecten van dezelfde groep of populatie vast te leggen. 
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Daarom trachtte deze studie om de lasten van ondervoeding in meisjes die op jonge 
leeftijd baren te onderzoeken en hoe hun voedingsstatus een rol speelt in de associaties 
tussen maternale leeftijd en geboorte uitkomsten bij zuigelingen. Daarnaast onderzocht 
deze studie de associaties tussen maternale leeftijd en lineaire groei van zuigelingen. 
Aanvullend, onderzocht deze studie ook de diversiteit van de voeding van het huishouden, 
consumptie van dierlijke producten en het consumptiepatroon van de verschillende 
voedselgroepen in verscheidene bevolkingsgroepen. 
 
Hoofdstuk 1 introduceert de omvang van het probleem van zwangerschap op jonge 
leeftijd en de voedings- en gezondheidsimplicaties ervan voor vrouwen en kinderen vanuit 
mondiaal en lokaal perspectief. Daarnaast wordt er in dit hoofdstuk ingegaan op de 
noodzaak voor de uitvoering van het huidige onderzoek. In hoofdstuk 2 worden het doel 
van de studie, de setting en methodiek gepresenteerd. Hoofdstuk 3 beschrijft de 
voedingspatronen van huishoudens en de inname van voeding uit verschillende 
voedselgroepen in verschillende regio’s en sociaaleconomische groepen. De resultaten 
lieten zien dat het dieet van veel huishoudens enkel gebaseerd was op granen. Fruit en 
dierlijke voedingsproducten kwamen zelden voor in hun dieet en een significant deel van 
hen had weinig diversiteit in hun voeding. Granen was de meest voorkomende (96%) 
voedselgroep die werd geconsumeerd. Dierlijke producten werden in grotere proportie 
geconsumeerd door huishoudens met een hoge score voor voedingsdiversiteit (Household 
Dietary Diversity Score, HDDS). Een multivariabele logistische regressieanalyse laat zien 
dat het behoren tot een hoger (AOR = 5.37, P <0.01) tot midden (AOR = 1.93, P <0.01) 
welvaartscategorie, geletterdheid (AOR = 1.79, P <0.01), wonen in de stad (AOR = 1.83, P 
< 0.01), een grotere familieomvang (AOR = 1.18, P < 0.01) en het bezit van vee (AOR = 
1.58, P <0.01) positief was geassocieerd met een hogere HDDS score.  
 
Hoofdstuk 4 beschrijft de resultaten van onderzoek naar de impact en determinanten van 
ondervoeding bij zwangerschappen op jonge leeftijd. Uit de studie bleek dat 38% van de 
zwangere vrouwen ondervoed waren en 22% van hen bloedarmoede had. De 
belangrijkste determinant voor deze nadelige gevolgen van de voeding werd ook 
onderzocht met behulp van multivariabele poisson regressie analyse. De resultaten 
 
Page | xiii  
 
xiii Samenvatting 
impliceren dat een hoger educatieniveau van de moeders (RR=0.94, 95% CI: 0.89, 0.98), 
meer welvaart (RR=0.72, 95% CI: 0.47, 0.95), hogere minimale voedingsdiversiteit voor 
vrouwen (RR=0.87, 95% CI: 0.77, 0.98), grotere lengte van de moeder (RR=0.96, 95% CI: 
0.94, 0.98) en een beschermde waterbron (RR=0.93, 95% CI: 0.86, 0.96), het risico op 
ondervoeding verlaagden, terwijl het niet verbeteren van het toiletgebruik (RR=1.31, 95% 
CI: 1.06, 1.63) en depressie (RR=1.33, 95% CI: 1.14, 1.55) het risico op bloedarmoede 
verhoogden. Het eten van dierlijke voedingsproducten verminderde zowel het risico op 
ondervoeding (RR=0.85, 95% CI: 0.77, 0.94) als bloedarmoede (RR=0.91, 95% CI: 0.85, 
0.95). Daarnaast onderzochten we de rol van de voedingsstatus van de moeder in 
associatie met de leeftijd van de moeder tijdens de zwangerschap en geboorte-
uitkomsten. De resultaten in Hoofdstuk 5 laten zien dat de voedingsstatus van de 
moeder, gemeten aan de hand van de midden-boven armomtrek (Mid Upper Arm 
Circumference, MUAC), de associatie tussen de leeftijd van de moeder en de lengte van 
het kind bij de geboorte voor 21% medieerde. Voor de associatie  tussen de leeftijd van de 
moeder en ‘te klein’ bij de geboorte (Small for Gestational Age, SGA) was dit mediatie-
effect 14%.  
 
Het gemiddelde directe effect (Average Direct Effect, ADE) van maternale leeftijd op het 
geboortegewicht was (β=0.45, 95 % CI: 0.17, 0.99) en het gemiddelde causaal 
gemedieerd effect (Average Causal Mediated Effect, ACME) was (β=0.12, 95% CI: 0.02, 
0.15). De analyse gaf ook een ADE van maternale leeftijd (β=0.31, 95% CI: 0.09, 0.47) op 
SGA en een ACME van (β=0.05, 95% CI: 0.003, 0.205). De sensitiviteitsanalyse gaf een 
ongemeten cofounder aan tussen de mediator en het resultaat met een positieve correlatie 
van 0.15 en 0.20. Dit resultaat zou de geobserveerde ACME voor geboortegewicht en 
SGA, respectievelijk, kunnen verklaren. De associatie tussen jonge maternale leeftijd en 
lineaire groei van de kinderen werd ook onderzocht in deze studie. Er werd gezien dat de 
Lengte voor Leeftijd Z score (Length for Age Z score, LAZ) van kinderen bij de baseline 
negatief geassocieerd was met de maternale leeftijd van 15 tot 19 jaar (β=-0.27, P=0.032). 
De kinderen van adolescente moeders neigden een lagere LAZ score te hebben aan de 
baseline wanneer deze kinderen vergeleken werden met kinderen van moeders tussen de 
20 en 24 jaar oud. Hun groei was ook lager gedurende de eerste 9 maanden van de 
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opvolgtijd. Desalniettemin, bleef de associatie niet significant over de opvolgtijd (P=0.105). 
Lineaire groei van de kinderen was positief geassocieerd met hoger onderwijs van de 
moeders en inname van ijzer en foliumzuur tijdens de zwangerschap, en negatief 
geassocieerd met ziekte tijdens de kindertijd (P<0.05), Hoofdstuk 6.  
 
In het algemeen, hebben resultaten van dit doctoraat belangrijke implicaties op het vlak 
van beleid. Ze suggereren dat het probleem van de zwangerschap bij adolescenten moet 
worden aangepakt. Verder benadrukt het de nutritionele problemen van zwangerschappen 
tijdens de adolescentie en hun grootste determinanten die moeten worden aangepakt 
tijdens het ontwikkelen van interventies. De resultaten toonden ook aan dat maternale 
nutritionele status een rol speelt in het voorkomen van ongunstige geboorte uitkomsten bij 
zwangerschappen op jonge leeftijd. Dit houdt in dat het belangrijk is de voedingsbehoeften 
van adolescente meisjes vóór en tijdens de zwangerschap aan te pakken via verschillende 
handige platforms, zodat de intergenerationele cyclus van ondervoeding kan worden 
verbroken. Het feit dat kinderen van tienermoeders hun kindertijd starten met een tragere 
lineaire groei, geeft potentieel ook aan dat een achterstand in de voedingsstatus 
intergenerationeel kan zijn, en dat postnatale interventies nodig zouden kunnen zijn voor 
betere uitkomsten. Blootstellingen zoals het onderwijsniveau van de moeder, de 
economische status, de waterzuivering en hygiëne (Water and Sanitation for Health, 
WASH) en psychologische statussen hebben een invloed op de nutritionele status van 
jonge zwangerschappen en, als gevolg, op de geboorte uitkomsten en groei van het kind. 
In het licht van deze bevindingen, moet een multisectoriële aanpak opgesteld worden om 
het aantal vroege zwangerschappen te doen dalen en om zich te richten op de nutritionele 
status van tienerzwangerschappen. Dit moet worden gedaan om het generatie effect van 
ongunstige gezondheidseffecten op moeder en kind, en nutritionele gevolgen in toom te 
houden.
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2Chapter 1: General Introduction 
1.1 Maternal and child undernutrition 
1.1.1 Global overview of undernutrition among pregnant women and children 
Optimal nutrition is a necessity for health and development throughout the entire lifespan 
(Black et al., 2008a). But it is especially important for pregnant women because, in 
addition to affecting their own health, it also influences the health of their children and 
future generations through impacting health, economic and humanitarian consequences 
(Arkkola, 2009; M. A. Hanson et al., 2015). A dramatic physiologic change occurs during 
pregnancy with a strong need to balance these changes with an adequate and nutritious 
diet (Ademuyiwa & Sanni, 2013). It is essential that women are well-nourished before, 
during, and after pregnancy. Maximizing the productivity and realizing the potential of all 
women, through good nutrition, makes an important contribution to better maternal and 
newborn obstetric outcomes. The risk of malnutrition in women spans a lifecycle, and 
preventing maternal malnutrition requires intervening at all stages of growth and 
development. The nutritional status of one generation of women affects the nutritional well-
being of their children in childhood and adulthood and is often referred to as the 
“intergenerational effect of malnutrition” (Reynaldo Martorell & Zongrone, 2012). 
 
Undernutrition among children is one of the important public health conditions in many 
parts of the world. It is expressed in different forms, including stunting (low length/height 
for age), wasting (low weight for length/height), underweight (low weight for age) and 
deficiencies of essential vitamins and minerals (Shrimpton et al., 2001; Victora et al., 
2010a).There has been a significant decline in the number of children affected by acute 
and chronic malnutrition globally since 1990 due to a wide range of interventions being 
rolled out. Even though dramatic achievements have been recorded, different rates and 
trends of reduction are noticed across various regions and sub-regions of the world 
(Development Initiatives, 2017). Many countries, especially in Africa and South Asia are 
far behind in the pace of reducing stunting and such varied rate of reduction cannot enable 
countries in achieving universally set nutrition targets such as the Sustainable 
Development Goals (SDGs) target 2.2 which proclaims ending all forms of malnutrition by 
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1.1.2 Undernutrition of pregnant women and children in Ethiopia 
Ethiopia, the second most populous country in Africa has exhibited a strong economic 
growth over the past decade, averaging 10.9 percent per year. However, Ethiopia remains 
one of the least developed  countries, ranking 173 out of 187 in the 2014 UNDP Human 
Development Index (USAID, 2014; World Bank, 2010). Despite this challenge, Ethiopia 
has made significant progress in reducing of common maternal and child health problems. 
A wide range of efforts have been rolled out following the development of the National 
Nutrition Strategy and the National Nutrition Program (NNP) (FDRE, 2013) to accelerate 
the reduction of malnutrition in Ethiopia. However, undernutrition among pregnant women 
and children, household food insecurity and hunger  remained one of the important public 
health conditions which need significant improvement. It is responsible for 53% of child 
and infant deaths (USAID, 2014).  
 
As in many LMICs, undernutrition among women of reproductive age is a pervasive 
condition in Ethiopia. The spectrum of the problem ranges from chronic undernutrition to 
multiple micronutrient deficiencies. The 2016 Demographic and Health Survey (DHS) 
indicated that the level of undernutrition among reproductive age women as measured by 
BMI <18.5 has declined over the past 16 years from its 30% prevalence in 2000 to the 
current prevalence of 22%. However, the prevalence of anemia is shown to increase from 
its 17% in 2011 to 24% in 2016. The level of anemia increased among women who were 
pregnant or lactating up to 30% (Central Statistical Agency (CSA) [Ethiopia] and ICF., 
2016). During pregnancy the needs for specific nutrients increases for the proper growth of 
the fetus and the mother. These high demands sometimes are difficult to achieve without 
the use of fortified products or vitamin-mineral supplements along with optimal dietary 
practices (Desalegn Kuche et al., 2015). During pregnancy, iron-folic acid supplements are 
given to compensate the high demands and prevent anemia.  
 
According to the findings from the recent DHS, more than half (58%) of the women in 
Ethiopia, who had given birth in the previous 5 years did not take any iron tablets in their 
recent pregnancy Though this figure has decreased from the previous survey which 
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indicated 83% in 2011, it still is an alarming proportion to be decreased significantly. It also 
showed that only 5% of the women had taken the tablets for more than 90 days. This 




Figure 1.1: Trends in anemia status of reproductive age women in Ethiopia 2005-2016 
(percentage) 
Source : Ethiopian Demographic and Health Survey, 2016  
Available from: https://dhsprogram.com/pubs/pdf/FR328/FR328.pdf 
 
A decline in the level of undernutrition among under 5 children was also one of the 
important achievements in Ethiopia. Unlike in many countries in the sub-Saharan region of 
Africa, the national stunting prevalence and number of stunted children decreased 
consistently. The country managed to decrease stunting prevalence by 20% over the past 
16 years. However, there remains a significant proportion of children being stunted (38%) 
and severely stunted (18%). Similarly the proportion of underweight has declined 
significantly from 41% in the year 2000 to 24% in 2016. The smallest is the rate of 
reduction in wasting proportions which only showed 2% reduction in the same time period 
(Central Statistical Agency (CSA) [Ethiopia] and ICF., 2016) (Figure 1.2).  
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Figure 1.2: Trends in nutritional status of under 5 children in Ethiopia 2000-2016 
(percentage) 
Source : Ethiopian Demographic and Health Survey, 2016   
Available from: https://dhsprogram.com/pubs/pdf/FR328/FR328.pdf 
The report has shown also that, more than half of children 6-59 months suffered from 
some level of anemia. There are variations in the level of under nutrition among children 
across the regions (Figure 1.3). The country has endorsed a national development 
framework to end hunger and undernutrition so that it will realize the vision of becoming 
lower-middle income country by 2025. The plan puts stunting reduction as a key indicator 
and emphasized in ensuring food security and nutrition for economic development. It has 
also developed a multi-sectoral National Nutrition Program (NNP) which directs various 
nutrition sensitive and nutrition specific intervention (IFPRI, 2015; E. Kennedy et al., 2016). 
                   
Figure 1.3: Stunting prevalence (<-2SDs HAZ) in children 0-5 years, by region in Ethiopia 
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1.1.3 Indices of undernutrition among pregnant women and children 
Nutritional health or undernutrition is a product of an imbalance between the food intake 
and utilization of nutrients and energy (Black et al., 2008b). This imbalance can be 
triggered by diseases and could be mediated by intermediate causes such as poor socio-
economic status, food insecurity, poor hygiene and sanitation and access to health 
services. Nutritional status of pregnant women and children are assessed by 
anthropometric, biochemical, clinical and dietary methods. These measurements are 
converted in to indices in order to conveniently identify common features of undernutrition 
due to macro and micro nutrient deficiencies. The most commonly used indices include but 
are not limited to weight-for-age, weight-for-height/length and height-for-age among 
children and anemia, Body Mass Index (BMI) and Mid Upper Arm Circumference (MUAC) 
among pregnant women. Birthweight and size of newborns are also used to indicate 
nutritional outcomes of newborns. Birthweight < 2,500 grams is referred as low birthweight 
and it is an important health and nutritional indicator in a population. Currently the WHO 
child growth standards uses  these indices to measure underweight, wasting and stunting 
among children in reference to the WHO standard population (Kiserud et al., 2017) as 
indicators for child growth. Prevalence of anemia and undernutrition among pregnant 
women also are used as indicators to measure their nutritional status. Indices based on 
dietary consumption are also used to measure intake of required amount of macro and 
micro nutrients. Minimum Dietary Diversity for Women (MDDW)(FAO and FHI 360, 2016) 
and Dietary Diversity for children (DDS) are the common indicators used as a proxy 
indicators of nutrient intake by pregnant women and children respectively.  
 
Stunted linear growth is the main indicator of childhood undernutrition, because it is highly 
prevalent in all developing regions of the world, and has important consequences for 
health and development. It was estimated that, in 2013, there were 161 million children 
under 5 years old who were stunted globally (de Onis & Branca, 2016), with 98% being 
from LMICs (Black, et al., 2013).  Of the 40 countries with a child stunting prevalence of 
40% or more, 23 are in Africa, 16 in Asia, and one in Latin America (Black et al., 2008a).  
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Lately , the WHO, UNICEF and World Bank Group estimated that more than half and 
about one third of stunted children in the world live in Asia and Africa respectively in 2015 
(UNICEF/WHO/World Bank Group, 2016).  
 
1.2 Pregnancy during adolescence 
1.2.1 Overview of global trends in adolescent marriage and pregnancy 
Adolescence, representing the age range of 10-19 years, is a crucial developmental period 
in one’s life course health, economic and social trajectories (Sawyer et al, 2012; Patton et 
al 2016). Although, the legal threshold for defining a child and thereby child marriage is 
internationally set to be 18 years of age, its application varies across countries. This 
threshold is also reflected in various international treaties and conventions including but 
not limited to the Convention on the Rights of the Child, the Convention on the Elimination 
of All forms of Discrimination against Women, and the Universal Declaration of Human 
Rights (Wodon et al., 2017). Marriage at early age for women is a common practice in 
many parts of the world (M. C. Nguyen & Wodon, 2012). It is a cross-cutting challenge, 
with estimated prevalence exceeding 30 percent in many LMICs (United Nations 
Population Fund, 2012). More than half of these girls are from South Asia and sub-
Saharan African countries (Lee-Rife et al., 2012; United Nations Population Fund, 2012).  
 
A report from analysis of DHS data from 60 countries demonstrated that the average 
prevalence of marriage before 18 years in LMICs decreased from 51 percent for women 
born between 1955 and 1959 to 40 percent for women born between 1985 and 1989 (M. 
C. Nguyen & Wodon, 2012). However, this improvement showed a staggering pace in the 
recent decade and the number of adolescent girls married before 18 years are expected to 
increase from 14 million per year in 2010 to 15 million in 2030, if the current trends are 
continuing (United Nations Population Fund, 2012). Around 16% of adolescent girls give 
birth each year, constituting 11% of all births worldwide. Although different countries 
contribute for this worldwide burden (Figure 1.4), half of all these births occur in just seven 
countries: Bangladesh, Brazil, the Democratic Republic of Congo, Ethiopia, Nigeria, India  
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and the United States (UNDESA, 2015). In most cases, the marriages are driven by socio-
cultural, economic and religious factors. Promising results have been documented in 
various settings by applying interventions targeting to keep girls in school and working with 
different stakeholders to end harmful social norms, attitudes and practices (Psaki, 2015; 
Wodon et al., 2017).  
 
Childbearing at young age, when the girl’s body is not physically mature enough to deliver 
without complications, usually leads to severe maternal and child health consequences. 
Complications from pregnancy and childbirth are the leading cause of death among 
adolescents between 15-19 years of age globally. Babies born to these mothers are at a 
higher risk of mortality than those born to women aged 20-24 years. If survived, they also 
are at risk of poor nutritional and health status both in their childhood and later life (WHO, 
2018). Adolescent mothers also face immense economic and social struggle. They are 
less likely to go to school and are economically disadvantaged. This puts them and their 
children at risk of exploitation and poor health, perpetuating cycle of poverty. The adverse 
effects of childbearing at early age can also impact economies of communities and nations 
(Save the children, 2017). Human capital is characterized by the aggregate level of 
education, training, skill and health of a population affecting the rate at which growth can 
be attained to increase productivity. It is comprised of four components which are 1) 
expected years lived from 20-64 years, 2) mean years of education 3) learning and 4) 
Functional health status. Early marriage and pregnancy with all its pronounced effect on all 
of these components, affects the human capital of a nation at large. According to a study 
(Lim et al., 2018), Ethiopia is among the countries with the lowest human capital even 
though there is a minor progress between 1990 and 2016. Combating chronic malnutrition 
among this group of the population is recommended as one of the strategies for a better 
progress in human capital accumulation. 
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           Figure 1.4: Adolescent birth rates worldwide 
           Source: World Bank, World Development Indicators, 2017 
            Available from: https://data.worldbank.org/products/wdi 
 
1.2.2 Overview of adolescent marriage and pregnancy in Ethiopia 
Ethiopia is one of the countries where child marriage and adolescent pregnancy is high 
with a wide variation across regions, income groups and educational levels. A revised 
family code which was adopted in 2003 sets the legal age of marriage at 18 for both boys 
and girls and informs that consent from both is also required (Gordon Brown, 2012). 
However, this law is rarely practiced. Child marriage and adolescent pregnancy have 
strong effects on the possibilities of Ethiopian girls to escape poverty. If a girl avoids 
pregnancy, her access to enroll in school and economic opportunities significantly 
increases. Compared to 60% school enrolment among the unmarried girls, only 12% of 
married girls go to school (The Global Partnership to End Child Marriage, 2017). According 
to the 2016 DHS report, 13% of girls who were 15-19 years have already given birth or are 
pregnant of their first child. It also identified that it is as high as 15% in rural areas 
compared to 5% prevalence in urban population and as high as 23% and 19% in Afar and 
Somali regions compared to 3% in the capital Addis Ababa and as high as 28% among 
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Ethiopia has one of the largest youth cohorts where about a third of its population is below 
the age of 24. This large and diverse group will shape the demographic, economic, social 
and political future of the country. Preventing adolescent pregnancy is one of the top 
priorities of the Ethiopian Federal Ministry of Health (EFMoH). The high rates of 
adolescent pregnancies have shown to negatively impact health and opportunities of 
young girls, and stands in the way for the country to benefit from the demographic 
dividend. Any investment in the health of adolescents and youth enables them to become 
healthy adults who are skilled to contribute for the betterment of the society and the 
country at large (Rutgers and the & Government of Ethiopia, 2017). It is also known that 
investing in the health of this group, including prevention of adolescent pregnancy is 
important to realize the SDGs as it improves their health (SDG 3), education (SDG 4) and 
facilitates more gender equality (SDG 5 and 10). In order to ensure this, Ethiopia has 
adopted several policies that contribute to the health of adolescents and prevent early 
marriage and pregnancy. These include the National Youth Policy, the newly developed 
Adolescent and Youth Health Strategy (ARH) and the school health programmes. 
 
1.3 Adolescent pregnancy and nutritional status 
Pregnancy is a critical stage of development during which maternal nutrition can strongly 
influence obstetric and neonatal outcomes (M. S. Kramer & Kakuma, 2003). Optimal 
nutrition before, during and after pregnancy is necessary to maintain the health of the 
mother, to help ensure a normal, healthy delivery, and also to reduce the risk of birth 
defects, sub-optimal fetal development and chronic health problems in childhood  (Bhutta 
et al., 2013). Undernutrition and suboptimal prenatal and pregnancy care are common 
among pregnant women in LMICs, often resulting in pregnancy complications and poor 
birth outcomes. They are at a substantial nutritional risk due to poverty, food insecurity, 
political and economic instabilities, poor health and environmental conditions (Lartey, 
2008). The burden of undernutrition worsens when the pregnancy occurs during 
adolescence. The spurt of growth during adolescence, second only to the first year of life, 
creates increased demands of energy and nutrients. 
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Adolescence is one of the times in the life course when total nutrient demands are higher. 
Adolescence is considered nutritionally a critical period for several reasons. Firstly, the 
dramatic increase in physical growth need to be supported with adequate amount of 
nutrients. A height gain equivalent to 15% of their adult height and 40% of their final weight 
will be gained at this period (WHO, 2006). Secondly, nutrient intake may be affected by the 
changes in life style during adolescence (Chulani & Gordon, 2014). Thirdly, this period 
might be the second option to catch up growth if optimal nutrient intake is ensured and 
fourthly, psychological changes and development of their own personality can greatly 
affect their dietary habits. These changes together with the pregnancy, which also 
increases the nutritional requirements, put adolescent mothers at the forefront of nutritional 
problems to affect both the health of the pregnant women and the fetus (WHO, 2005a). 
 
For most adolescent pregnancies, inadequate quality and quantity of food are the main 
determinants of nutritional problems. These conditions are exacerbated by household food 
insecurity, lack of nutrition knowledge and poor socio-economic and environmental 
conditions on top of depletion of nutritional reserves due to the pregnancy. In impoverished 
settings, infectious diseases such as malaria and hookworm can also affect iron 
absorption in addition to rapid physical growth, causing deficiency in the body hence 
increased requirements (Cusick & Kuch, 2017). Stress and emotional upsets can also 
have their negative impact. All forms of undernutrition, ranging from chronic energy 
deficiency expressed by stunting and wasting to micronutrient deficiencies including but 
not limited to iron, folate, calcium and vitamin A can occur among pregnant adolescents. 
Stunting, linear growth faltering, during adolescence reflects long term nutritional 
deficiency. Recent surveys in many LMIC around the world suggest that stunting and 
wasting during adolescence still remain important public health problem (Jafar et al., 2008; 
Ogechi et al., 2007). Similarly anemia, primarily due to iron deficiency is a critical 
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Over half of reproductive age women in LMICs are thought to be anemic and this 
prevalence ranges from 49%-68% in those who are adolescents in sub-Saharan African 
countries. All these adverse nutritional consequences related with adolescent pregnancy 
have also their impact on birth outcomes and child growth (Figure 1.5). 
 
 
     
Figure 1.5: Conceptual framework for adolescent girls nutrition 




1.4 Adolescent pregnancy and the intergenerational cycle of undernutrition 
Undernourished adolescent mothers face greater risks during pregnancy and childbirth, 
and their children set off on a weaker developmental path, both physically and mentally. It 
is also directly linked to intrauterine growth retardation (IUGR), which results in low birth 
weight, pre-maturity, and low nutrient stores in infants (Fekadu Beyene, 2013) and 
increases the risk of maternal mortality. Maternal malnutrition is the leading cause of 
mortality and adverse birth outcome and it is still a big challenge in most developing 
 
 
Page | 13  
 
13Chapter 1: General Introduction 
In addition, undernutrition has intergenerational effects resulting in deleterious health 
impacts in the population of countries where undernutrition is prevalent (Black et al., 
2013). The rates of chronic diseases in later life of children have been shown to be 
strongly associated with nutritional status of their mothers before, during and after 
pregnancy. Evidences suggest that the origins of many chronic diseases and suboptimal 
nutritional status begins in the womb and continue the first few years following conception 
(D. J. P. Barker, 2007). Thus, if girls enter the reproductive cycle in a malnourished state, 
the cycle of maternal and infant/child undernutrition and reduced productivity can be 
perpetuated. The consequences are worse and the health benefits of optimal nutrition are 
robust for adolescent girls (Nurul Alam et al., 2008). 
 
1.4.1 Adolescent pregnancy and adverse birth outcomes 
Pregnancy which occurs before the women is fully grown affects fetal development 
causing adverse maternal and newborn birth outcomes. Although pregnancy at early age 
is considered to be a social issue, it has been indicated that it may be associated with 
adverse infant outcomes including low birthweight, preterm birth, intra uterine growth 
retardation (IUGR) and neonatal mortality (Krebs et al., 2017; Mason et al., 2012). 
Complications during pregnancy are also responsible for the deaths of about 70,000 
adolescent mothers worldwide, with LMICs taking the lion share of the problem (de Vienne 
et al., 2009a). The explanations as to how young maternal age is associated with adverse 
birth outcomes has produced different evidences. Some argue that the biological 
immaturity has a direct effect for these poor outcomes while others claim that it is the 
consequence of deleterious social and environmental conditions that the adolescents are 
living in (Chen et al., 2007; Cunnington, 2001; Markovitz, Cook, Flick, & Leet, 2005a). 
But it is evident that the rapid physical growth during adolescence demands increased 
amount of nutrients and in the face of pregnancy at this period, both the mother and the 
fetus get in a competition for optimal nutrition which negatively affects the normal fetal 
developments(Restrepo-Méndez et al., 2011a). These obstetric complications are far  
worse in communities where chronic maternal and child undernutrition is rampant, 
delaying developmental growth of adolescent mothers (age at menarche) which results 
poor reproductive outcomes (Sharma et al., 2008).  
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1.4.1.1 Adolescent pregnancy and low birthweight and IUGR 
High risk of low birthweight (birthweight < 2500g) and adolescent pregnancy have been 
examined to co-exist in many previous studies (Finlay, Ozaltin, & Canning, 2011a; Gibbs, 
Wendt, Peters, & Hogue, 2012a). A baby’s low weight at birth is an important population 
indicator for tracking child health. It results from either preterm birth (a birth before 37 
completed weeks of gestation) or infants with IUGR, which is usually described as small 
for gestational age (SGA). SGA is defined as a birth weight bellow the 10th percentile for 
gestational age of the reference standard (AbouZahr & Wardlaw, 2001; Blencowe et al., 
2012). SGA children are proxy measures for IUGR and it includes both symmetrical and 
asymmetrical growth retarded babies. Asymmetrical growth retardation results from babies 
relatively with normal birth length and head size with a low birthweight while symmetric 
IUGR babies have proportional decrease in birthweight and length (Nardozza et al., 2012). 
 
Developmental failures of infants from mothers who are too young to be pregnant and 
undernourished starts in the womb. The theory of feto-maternal competition for nutrients is 
the common and plausible explanation one can give to why babies born to adolescent 
mothers face adverse birth outcomes. Despite gaining more weight, adolescent mothers 
tend to give birth to smaller babies than adult ones. There are several reasons to explain 
this association. The increase in Leptin, a hormone product which is known for its role in 
appetite and energy homeostasis is one. Its increase in the third trimester among 
adolescent mothers may hinder breakdown of fat in the body and increase depletion of 
glucose store for maternal growth, depriving energy availability for the fetal growth. 
Additionally, when there is limited nutrient supply, in the case of most women in 
malnutrition endemic areas, maternal metabolic needs become before fetal growth needs 
(King, 2003). The deprived nutritional status of the mother also is associated with smaller  
placental mass, less placental nutrient transfer and less uterine and umbilical blood 
transfer. More importantly, production of glycine, an amino acid which is needed for fetal 
growth and development might be compromised among young mothers, particularly during 
the third trimester (Thame et al., 2010). In the face of food insecurity and chronic 
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malnutrition, these consequences can be exacerbated resulting in the delivery of smaller 
babies in adolescent mothers. 
 
1.4.1.2 Adolescent pregnancy and infant linear growth 
Young maternal age at birth poses a substantial risk to early and late childhood nutritional 
disadvantages, especially childhood stunting. A study reported that children of adolescent 
mothers who were 19 years and younger had 20-30% increased risk of stunting at 2 years 
after adjusting for various confounders (C. H. D. Fall et al., 2015a). Moreover, adolescent 
mothers give birth to low birthweight and preterm babies which strongly affect the growth 
and development of infants. Studies in various settings demonstrated that prenatal growth 
restrictions significantly contribute for postnatal growth deficits. The intergenerational links 
of infant growth are well established in which any developmental insults occurring during 
pregnancy can be translated in to negative health and nutritional consequences 
(Ramakrishnan et al., 2012).  
 
It was also indicated that significant proportion of growth faltering (44-55%) was present at 
birth among children who had `sub-optimal growth during their first three years of life 
(Mamidi et al., 2011). Another evidence documented that 20% of growth deficits occurring 
between 12-60 months among children originate from fetal developmental failures 
(Christian et al., 2013). Given the nutritional, socio-economic and environmental 
disadvantages, children from adolescent mothers are hence prone to developmental 
problems during pregnancy and later in their childhood. 
 
1.5  Determinants of undernutrition among young pregnant women and their 
children    
Determinants of undernutrition among young pregnant women and children range from the 
most distal socio-economic and political exposures to the most proximal ones which 
include poor maternal dietary intake, recurrent infections, rapid physical growth and 
genetic factors.  
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1.5.1 Social determinants of undernutrition 
The burden of maternal and child undernutrition in LMICs is partly attributed to wide 
spread economic inequalities, poor level of parental education, early pregnancy and poor 
hygiene and sanitation practices. A recent analysis of data from 80 countries showed that 
undernutrition is strongly correlated with economic disparities in a given country 
(Bredenkamp et al., 2014). Another study also demonstrated that prevalence of child 
stunting increased among the poorest quintile of wealth compared to the richest quintile 
(Markovitz et al., 2005a). The health and nutrition of individuals depends not only 
individual’s economic status but also on how the economic status across communities is 
distributed. In many developing countries the modest economic growth is not distributed 
evenly across populations and it benefits majorly a small group of advantaged and affluent 
groups. This causes growing inequality in health and nutrition that affects particularly 
vulnerable groups. Poor level of parental education is also a known determinant in 
affecting maternal and child nutritional status through affecting optimal nutritional practices 
(Mtumwa et al., 2016). Apart from basic education, the capacity of individuals to obtain, 
process, and understand basic health information and services needed to make 
appropriate health decisions is important to improve health and nutrition of women and 
children. 
 
Early child marriage and pregnancy is one of the important risk factors for maternal and 
child undernutrition. Girls who are married at early age are also expected to give birth soon 
after their marriage. This leads to adverse obstetric outcomes of both the mother and child.  
Gender inequalities are referred also to be one of the common social determinants of 
undernutrition both in women and children. According to a study in Ethiopia (Belachew et 
al., 2013), adolescent girls are more vulnerable to undernutrition due to intra-household 
food allocation or lack of decision making power. Food insecurity, poor hygiene and 
sanitation and health conditions are also common determinants in resulting undernutrition 
among women and children (Belachew et al., 2013; Strunz et al., 2014). These exposures 
affect nutritional status through affecting nutrition and food choices and optimal child 
caring and feeding practices. They also increase the risk of recurrent infections which 
affect nutrient intake or deplete nutrient reserves.   
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1.5.2 Genetic determinants of undernutrition in children 
There is also a share for genetic factors in predisposing children to undernutrition, 
especially in compromising growth during the fetal and infancy period. It has been 
explained that 10% of adulthood stature is attributed to genetic inheritance (Lango Allen et 
al., 2010). During embryonic and fetal life, cellular expansion and differentiation coordinate 
the development and growth of tissues and organs to shape an adult. If fetal nutrition is 
compromised during these important developmental events, adaptations to decreased 
substrate availability may occur via epigenetic mechanisms (Wang et al., 2012). These 
changes can persist postnatal, resulting in inappropriate handling of substrates and likely 
contributing to the development of chronic metabolic diseases. Maternal nutritional status 
prior to conception and during pregnancy such as short stature, poor weight gain and 
inadequate care during pregnancy could result in low birth weight and size and poor post 
natal growth (Abu-Saad & Fraser, 2010a; Black et al., 2013). Analysis of DHS data from 
54 countries also demonstrated that maternal stature is inversely related with mortality, 
underweight and stunting during infancy and childhood (Özaltin et al., 2010).  
 
Epidemiological studies suggest that there is a 30%-80% share for genetic factors in 
causing birthweight variations, which can be influenced by parental, placental and fetal 
factors (Johnston, 2002). Furthermore, there can be a complex interaction between 
genetic and environmental factors. Even though the exact parental genes are not known, it 
has been identified that a mutations in Glucokinase, an enzyme which regulates 
carbohydrate metabolism, is associated with fetal development. In a research involving 58 
offspring, to investigate the effect of glucokinase on birth size, Hattersley and colleagues 
found, in the presence of maternal glucokinase mutation, there was an increase in the 
mean birthweight by 601 grams due to maternal hyperglycemia. It was indicated in the 
study also that, if the fetus inherited the mutated gene, the birthweight was decreased by 
533 grams which was equivalent to a fall from the 50th to the 25th birthweight centile 
(Hattersley et al., 1998). Genetic studies in animal models has clearly indicated that fetal 
genes like insulin-like growth factor (IGF)-I, IGF-II, IGF receptor type I and insulin receptor 
substrate 1 are crucial to ensure normal fetal growth (Accili et al., 1993). A defect in the 
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IGF-I gene in humans has shown to result in extreme intra uterine growth retardation 
(IUGR), severe postnatal growth failure, deafness and moderate learning difficulties 
(Woods et al., 1996). Chronic health problems in adulthood are also found to be strongly 
associated with early life nutritional insults.  
 
1.6 The need for this research 
Adolescent pregnancy is a global public health problem that concerns populations of high 
and low income countries. They mostly occur among women who are socially, 
economically or educationally disadvantaged (Blum & United Nations Population Fund, 
2015a). There has been a decline in adolescent birth rate over the years from 65 per 1000 
women in 1990 to 47 per 1000 women in 2015 (United Nations, 2017). Irrespective of this 
decline, projections suggest that the number of adolescent pregnancies will increase 
globally by 2030 due to growing population of adolescents. The projections further 
indicated that, greatest increments will be seen in sub-Saharan Africa (Edilberto Loaiza & 
Mengjia Liang, 2013). As indicated in the earlier descriptions, adolescent pregnancy is 
linked with intergenerational cycles of poor nutritional status, health and poverty in a 
population (Ganchimeg et al., 2014a).  
 
The pathway through which young maternal age during pregnancy operates in causing 
adverse newborn birth outcomes has remained to be a point of considerable debate. 
Studies conducted in various settings tried to attribute these consequences from young 
mothers to their nutritional and environmental exposures during pregnancy rather than 
associating it to maternal age per se (C. H. Fall et al., 2015; Gomez & Santolaya, 2005; 
Miller et al., 2016). On the other hand, there still is an evidence that adolescent 
pregnancies can directly result in adverse maternal and neonatal birth outcomes (Borja & 
Adair, 2003a; DuPlessis, 1997). Similarly, physical growth trajectories of infants born to 
young mothers are known to be impaired due to suboptimal growth in the womb and 
adverse postnatal exposures (Yu et al, 2016). To date, most of the evidence is generated 
from developed countries and there is a paucity of evidence in comprehensively 
understanding the pathways through which young maternal age relates with newborn birth 
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outcomes and their linear growth in LMICs. The few available evidence in LMICs is also 
from cross-sectional data and demographic and health surveys, which are not 
methodologically designed to capture growth trajectories of the same group of population.  
In the face of rampant maternal nutritional problems, it is worth understanding how this 
exposures intricate with maternal age in resulting adverse birth and developmental 
consequences, using a longitudinal data and a robust statistical methods. Pregnant 
women in resource limited settings suffer from multiple disadvantages. Their health and 
nutritional status is affected by their heavy responsibilities to engage in productive 
activities, reproductive activities and social activities. The disadvantages worsen with 
adolescent pregnancy.  In Ethiopia, even though the burden of early marriage and 
pregnancy is significant, the extent to which the adolescents are suffering from under 
nutrition has not been studied comprehensively. Furthermore, there was no study 
documenting the effect of adolescent pregnancy on adverse birth outcomes and 
subsequent growth of infants. Therefore, findings from this study help to understand the 
level of undernutrition among adolescent pregnancies and how this relates with their birth 
outcome and subsequent growth of their infants. It will further help design policy and 
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2.1 Aim of the study 
The overall aim of this PhD study was investigating the role of adolescent pregnancy on 
nutritional status of the women, newborn birth outcomes and infant linear growth. It further 
explored household dietary diversity and animal source food consumption among 
households in Ethiopia. The study was also conducted with the aim to generate evidence 
for advocacy on policies and programs addressing health and nutritional needs of women 
and children in general and adolescent pregnancies and their infants in particular in 
Ethiopia. 
 
2.2 Specific objectives of the study were: 
1. To identify household dietary diversity and animal source food consumption and its 
determinants in Ethiopia  
2. To assess burden and determinants of undernutrition among young pregnant 
women in rural households of Ethiopia 
3. To identify the role of maternal nutritional status in the association between 
maternal age and newborn birth outcomes 
4. To investigate the association between adolescent pregnancy and infant linear 
growth 
The below listed hypothesises were the basis for conducting this PhD research in 
Ethiopia: 
1. In the face of changing food systems, due to urbanization, increased prices and 
market liberalization, patterns and determinants of consuming various food groups 
are different across various population groups. 
2. Adolescent pregnancies have higher chance of being undernourished than their 
older counterparts. 
3. The association between adolescent pregnancy and adverse newborn birth 
outcomes is mediated through maternal nutritional status. 
4. Infants from adolescent mothers have lower linear growth potential compared to 
infants born from older mothers. 
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2.3  Overview of the  study setting 
2.3.1 Country profile 
Ethiopia is a country located in the north-eastern part of Africa bounded by Eritrea and 
Djibouti in the north east, Somalia in the east and south east, Kenya and south Sudan in 
the south west and Sudan in west and North West. Administratively, the country is divided 
in to nine regional states: Tigray, Afar, Amhara, Benishangul-Gumuz, Gambella, Harari, 
Oromia, Somali and Southern Nations Nationalities and Peoples Region (SNNPR); and 
the city administration councils of two cities: Addis Ababa (the capital) and Dire Dawa. The 
regional states and the city administrations are divided in to 817 districts. These districts 
are further divided in to 16,253 kebeles which are the smallest administrative units. 
 
2.3.2 Study area 
The Empowering New Generation to Improve Nutrition and Economic Opportunities 
(ENGINE) birth cohort study was conducted in the Oromia region of Ethiopia between 
2014 and 2016. Oromia was selected purposively being the largest region in the country 
targeted by ENGINE. The study was carried out in three districts of the region namely, 
Gomma, Tiro Afeta and Woliso districts. The three districts were selected based on (i) an 
expected population of more than 3,000 pregnant women so that we can account for loss 
to follow up, (ii) geographical similarities in agro-ecology and agricultural production 
practices and (iii) proximity and accessibility. The districts were selected from two different 
zones. Gomma and Tiro Afeta were from Jimma zone while Woliso is from southwest 
Shoa zone of Oromia region.  
 
Geographically, Jimma zone is bordered in the south by the Kaffa zone of  SNNPR, in the 
northwest by Illubabor zone, in the north by east Wollega zone, and in the northeast by 
west Shoa zone of the Oromia region; part of the boundary with west Shoa zone is 
delineated by the Gibe river. Jimma zone has 13 districts and Jimma town which is 
separated from Jimma zone and considered as a special district.  Jimma is one of the 
coffee producing zones in Ethiopia. According to population projection for 2014-2017  
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(CSA Ethiopia, 2013), a total of 213,023 and 131,536 people live in Gomma and Tiro Afeta 
districts of Jimma zone respectively while 143,391 people live in Woliso district. Jimma 
zone is known for its coffee and Catha edulis (Khat)  production, which serve as the main 
source of income for many of the households. Other edible crops including maize, teff 
(Erogrotis Abyssinica)-Ethiopia's staple food and many other cash crops and fruits are also 
largely produced in both zones of the region.  
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2.4  Recruitment and follow up of the study sample 
Trained data collectors who were nurses by profession, with support from the kebele 
health extension workers (HEW) recruited pregnant women who were 15-49 years of age 
and at their 2nd and above trimester by active surveillance. Upon identification of a 
pregnant woman, she was requested to enroll in the study after confirming informed 
consent and plan to deliver and stay in the study area throughout the study period. A urine 
pregnancy test was done to confirm the pregnancy. Women and infants with any health 
complications were referred to nearby health. Newborns with congenital anomalies, 
multiple pregnancies and women with serious medical conditions were excluded from the 
study. There were seven time points at which data were collected throughout the study 
period. Women who were recruited early in their 2nd trimester had a chance to be visited 
twice in the antenatal period but those who were enrolled at their later pregnancy trimester 
were visited only once. The time points are indicated in the table below. In this study, end 
of participation was, end of study for the objective looking at linear growth of the infants 
 
             Table 2.1: Description of data collection time points 
Time point Description of the time point 
1 Antenatal 1 –early second trimester 
2 Antenatal 2-late third trimester  
3 Within 3 days after birth 
4 Infant is 3 months old 
5 Infant is 6 months old 
6 Infant is 9 months old 
7 Infant is 12 months old 
   
 
Page | 26  
 
26Chapter 2: Aim of the study and Methods 
2.5  Measurements 
Data were collected by well-trained data collectors and supervisors using structured, pre-
tested, interviewer administered questionnaire using android tablet computer. The 
questionnaire was translated in to Afan Oromo language and checked for consistency by 
another person who speaks both languages. Data collected included household 
characteristics, socio-economic and demographics, antenatal care visits, Food intake and 
diversity during pregnancy, maternal physical and psychosocial health statuses, 
pregnancy outcomes, morbidity of the infant and water hygiene and sanitation. 
Anthropometric measurements and hemoglobin tests were done using standard 
measurement tools.  
 
Maternal age during pregnancy was grouped in to 15-19 and 20-24 years of age, the latter 
used as a reference category in some of the analysis(Ganchimeg et al., 2014). Birth length 
and weight of the newborns were measured within a maximum of 72 hours after delivery. 
For majority of the newborns (93.6%), anthropometric measurements were taken within 48 
hours and the remaining proportion were measured in the third day. Length of the infant 
was measured in a recumbent position to the nearest 1 mm using a length board (Weigh 
and Measure LCC, USA) and unclothed birthweight was measured to the nearest 10 g 
using a digital weighing scale (SECA 876, Hannover, Germany). Low birth weight was 
defined as birth weight of bellow 2,500 grams. Maternal height was measured using a 
stadiometer (Weigh and Measure LCC, USA) to the nearest 0.1 cm with no shoes on and 
with the five points touching the vertical stand of the stadiometer.  Mid upper arm 
circumference (MUAC) of the women was measured on the left arm using mid-way 
between the olecranon and acromion processes using a non-elastic MUAC tape (SECA 
201, Germany)(Cogill, Bruce, 2003)A cut off of below 23 cm was used to identify acutely 
malnourished women using MUAC(Tang, Alice M., et al., 2013). 
 
Individual minimum dietary diversity for women (MDDW) was constructed based on data 
from a 24-hr qualitative dietary recall interview and according to the standard 
guideline(FAO and FHI 360, 2016). The MDDW ranged from 0 to 10 points and each point  
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represents one food group. Women with MDDW ≥5 were categorized to have diet with 
higher nutritional adequacy. Animal source food (ASF) consumption was constructed by 
counting consumption of animal source products (flesh foods, egg and dairy products) and 
a women who consumed either of these food products were considered to be a consumer. 
A wealth index was constructed using the principal components analysis based on 
information on housing conditions, ownership of assets and availability of basic 
services(Filmer & Pritchett, 2001). Maternal depression was assessed using Patient 
Health Questionnaire (PHQ9) (Kroenke, 2012). HemoCue Hb 201 DM system was used to 
determine hemoglobin level and later anemia estimates were adjusted for altitude and 
trimester using standard methods (Cohen & Haas, 1999). Women with hemoglobin level 
<11g/dl were labeled as anemic (Daru et al., 2018; WHO, 2011).  
 
2.6 Data quality control 
Important precautions have been undertaken in order to ensure quality of the data at 
various stages of the study. Enumerators and their supervisors were recruited based on 
their prior experiences of engaging in such large scale surveys, fluency in speaking Afan 
Oromo, familiarity in using electronic data collection tools and their academic 
backgrounds. Afterwards, adequate training was given on each item of the data collection 
tool and how to take all the measurements needed in the study using practical applications 
through role playing. A three days long pretesting was also conducted in order to 
understand any variations in administering questions and taking measurements among the 
enumerators before commencing actual data collection. Electronic data collection method 
was used to minimize errors in data collection and entry by using android tablet 
computers. The collected data was checked by the supervisors in regular basis before the 
data was sent to a centrally located server. Additionally, a data manager regularly checked 
quality of the data and took back mistakes and incomplete data to the field to be corrected. 
A research team from Jimma University also closely followed up for technical and 
administrative supports. Refreshment trainings on data quality were given on a regular 
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2.7  Ethical issues 
Ethical approval was granted from the Institutional Review Board of Jimma University in 
Ethiopia (RPGC/264/2013) and Tufts University in USA (Tufts Health Sciences Campus 
IRB reference number:11088) before commencement of the study. Informed consent was 
obtained from the participants after a detailed explanation of the objectives of the study. 
Data was registered and stored in a secured server and access to the data was upon 
permission of the principal investigators with personal identifiers removed. During the 
study women or children who had health problems were referred to a nearby health facility 
to seek proper medical care.  
 
2.8  Funding 
This research work is made possible by the support of the American people through the 
United States Agency for International Development (USAID) under Agreement No. AID-
663-A-11-00017. The contents of this document are the sole responsibility of the 
researchers & do not necessarily reflect the views of USAID or the United States 
Government. 
 
2.9  Outline of the dissertation 
Chapter 1 of this dissertation presents the general overview of maternal and child 
undernutrition during pregnancy from a global to Ethiopian perspective with a specific 
emphasis on adolescent pregnancies. It also synthesized the existing evidence about the 
role of young maternal age during pregnancy on maternal nutritional status, newborn birth 
outcomes and infant linear growth. Chapter 2 outlines the general aim, specific objectives 
and hypothesises and methods employed in the conduct of this study providing detail 
information about the setting and measurements. Chapter 3 presents pattern and 
determinants of household dietary diversity and animal source food consumption in 
Ethiopia. Chapter 4 provides evidence on burden and determinants of undernutrition 
among young and pregnant women in Ethiopia. Chapter 5 elaborates the role of maternal  
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nutritional status in the association between maternal age and newborn birth outcomes. 
Chapter 6 demonstrates the association between young maternal age at birth and infant 
linear growth. Chapter 7 synthesizes the findings from the various studies, elaborate the 
possible implications of the findings for programs and policies targeting adolescent 
pregnancies and also indicate future research directions. The dissertation outline is 
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3.1 Abstract 
Background: It is imperative to track dietary quality and progress in nutritional 
outcomes in a population to develop timely interventions. Dietary diversity is a 
commonly used proxy to assess dietary quality in low-income countries. This study 
identified predictors of household dietary diversity in Ethiopia and pattern of 
consumption of animal source food (ASF) among households. 
 
Methods: Secondary data were analyzed from the 2011 Ethiopian Welfare Monitoring 
Survey (WMS). This survey used a structured questionnaire to collect socio-
demographic and economic data. Dietary data were collected using a dietary diversity 
questionnaire measuring dietary diversity over the past 1 week. A Household Dietary 
Diversity Score (HDDS) was constructed according to the Food and Agricultural 
Organization (FAO) guidelines. Consumption of ASFs is described by its distribution 
among the regions and by HDDS. Multiple logistic regression analysis was fitted to 
identify independent predictors for HDDS. 
 
Results: A total of 27,995 households were included in the analyses. A little over half 
of the study households (52.2%) had more than four household members, and 75% 
of households were male headed. The mean HHDS was five food groups. Cereals 
were the most commonly (96%) consumed food groups. Fish, egg and fruits, on the 
other hand, were the least consumed food groups. ASFs were consumed in greater 
proportion among households with higher HDDS. Being part of the higher and middle 
socio economic strata (P < 0.001), literacy (P < 0.01), urban residence (P < 0.01), 
male headed household (P < 0.01), larger family size (P <0.01) and owning livestock 
(P < 0.01) were positively associated with higher HDDS. 
 
Conclusions: Considering these findings, nutrition sensitive interventions which 
address the problem through economic and educational empowerment and modern 
technologies supporting agricultural practices need to be designed to increase both 
local production and increased consumption. 
Keywords: Household dietary diversity, Animal Source Food consumption, Ethiopia 
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3.2 Introduction 
Optimal nutrition and health is needed to ensure proper development and well-being. It is 
imperative to track dietary quality and progress of nutritional outcomes in a population to 
develop timely interventions. Recent developments, including increased attention and 
funding for nutrition-sensitive interventions, have increased demand for indicators of food 
consumption and diet quality (FAO, 2014). 
 
Indices of dietary quality are increasingly used to monitor nutritional status and dietary 
intake of populations (Hurley et al., 2009; Stookey et al., 2000). In low- and middle-income 
countries (LMICs), these indices are often composed of several dimensions such as 
nutrient adequacy, dietary diversity, proportionality (more of some food groups and less of 
others) and moderation (limiting the intake of food constituents that contribute to excess 
risk) (Hurley et al., 2009). In low-income countries, where inadequate dietary intake is a 
key concern, nutrient adequacy alone is often used to indicate dietary quality. However, 
quantifying intake of nutrients is often expensive, time-consuming and associated with 
methodological challenges in such settings (Teufel, 1997). Dietary diversity, defined as the 
number of unique foods or food groups consumed over a given period, has been 
considered a potential ‘proxy’ indicator to reflect nutrient adequacy (Hatleiy et al., 1999), 
and of adequate intake across a range of key micronutrients (Arimond et al., 2011).  
 
Evidence in both high-income and LMICs (Haddad et al., 1994; Toulmin, 1986) has shown 
that a higher DDS is associated with an increased nutrient intake and better nutritional 
status and also household per capita energy consumption(Leroy et al, 2015). Furthermore, 
Dietary Diversity Score (DDS) has been identified as a key indicator for surveillance of 
actions that aim to tackle various nutrition-related problems and food insecurity (Ruel, 
2003). Firstly, it provides information on the contribution of different food groups to the diet 
which sheds light on its quality and nutrient adequacy in a population. Secondly, evidence 
on how DDS varies across population groups, cultures, and socio-economic level can be 
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Consumption of ASF is linked to both dietary diversity and quality (Gittelsohn & Vastine, 
2003) and it is one of the main indicators commonly used to assess dietary intake and 
quality in low and middle income countries (Allen, 2003; James & Palmer, 2015; Neumann 
et al., 2003). Even though there are social, economic and cultural barriers for the intake of 
ASF (Darapheak, Takano, Kizuki, Nakamura, & Seino, 2013a), its consumption, even in 
relatively small amounts, is believed to enrich the body with protein and essential 
micronutrients like iron, zinc, and vitamins (Darapheak et al., 2013a; Gittelsohn & Vastine, 
2003; Neumann et al., 2003). Evidence also indicates that poor physical growth, impaired 
cognition, morbidity and mortality are strongly associated with poor or inadequate intake of 
ASF throughout the life cycle (Dror & Allen, 2011; Golden, 2009; Iannotti et al., 2008). 
Therefore, inclusion of ASFs in the diversification of a diet among the households helps to 
ensure consumption of quality diet beyond its diversification. 
 
To address nutritional problems, the Ethiopian government has committed itself to develop 
approaches which consider the multi-sectoral nature of these problems. A recently 
developed National Nutrition Strategy (Ethiopian Federal Ministry of Health., 2008) and 
National Nutrition Program in the country combined with the government’s engagement in 
various international initiatives like Scaling Up Nutrition, Feed the Future, and Accelerated 
Stunting Reduction, demonstrate the government’s effort to reduce malnutrition. Promoting 
the consumption of a diversified diet is one of the strategies to decrease malnutrition in the 
revised National Nutrition Program (Government of Democratic Republic of Ethiopia, 
2013). Therefore, evaluating the dietary diversity and its determinants across the 
population will inform the various national initiatives and will be used to evaluate 
interventions. This study examined the determinants of household dietary diversity in 
Ethiopia. It also assessed food groups consumed across socio-economic score (SES) and 
their composition at different Household Dietary Diversity Score (HDDS) so that it will give 
an insight about the quality of food consumed in the households. 
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3.3  Methods 
3.3.1 Study sample and measurement 
Secondary data were analyzed from the 2011 Ethiopian WMS. The survey covered all 
rural and urban areas of the country, except three pastoral zones of Afar region and six of 
the Somali region. Different strata were de-fined for the urban and rural area. Urban areas 
were classified into three categories based on their population size: major urban centers, 
medium and small size towns. In the rural area, agro-ecological zones were used as 
strata. A two-stage stratified cluster design was used to select sample enumeration areas 
and households from major urban centers and rural areas. For medium and small towns, a 
three stage stratified cluster design was used to select sample towns, enumeration areas 
and households. The 2007 Population and Housing Census data was used as a sampling 
frame. All major urban centers were directly selected. Sample towns (medium & small 
size) in each region and sample enumeration areas both in urban and rural areas were 
selected by probability proportional to size based on the number of households from the 
2007 Census. All households from all selected enumeration areas were listed. The listing 
excluded collective quarters like army barracks, hospitals, police camps and boarding 
schools.  
 
Then, a representative sample of 27,995 households was selected from the enumeration 
areas for the survey. A structured questionnaire was used to collect socio-demographic 
and economic data. Dietary data were collected using a dietary diversity questionnaire. 
The questionnaires, translated into local language, were interviewer-administered and 
were verified for consistency during pretesting. Interviewers were trained before the actual 
data collection and supervisors kept track of the field procedures and checked the 
completed questionnaires every day to ensure the quality of the data. Detailed participant 
characteristics and data collection methods have been described elsewhere. The study 
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3.3.2 Household Dietary Diversity Score and Animal Source Food intake 
We used a dietary diversity questionnaire containing commonly consumed food items in 
Ethiopia to calculate the HDDS and evaluate the household dietary practices. The 
respondents were asked to report the number of days in the past week they consumed 
categories of the listed food items. The food groups used to construct the HDDS in this 
study were constructed from the list of food items the participants reported to consume 
according to the FAO guideline; cereals, tubers, legumes, meat, egg, vegetables, fruits, oil, 
sweets, milk and fish (G. Kennedy, Ballard, Dop, & European Union, 2011). Consumers of 
a food item were defined as follows: consumption of the food item at least once in the past 
week(Kant AIL, et al, 1997). Irrespective of the frequency, a household which consumed a 
food group at least once in a week period was scored as one. The HDDS was constructed 
as the sum of numbers of food groups consumed over the past week. Higher score 
indicates higher diversity, as more food groups were eaten. 
 
In the current sample, the minimum and maximum HDDS were one and eleven 
respectively. Despite the lack of established cut-offs in terms of number of food groups to 
indicate adequate or inadequate dietary diversity for HDDS, higher HDDS is desirable and 
larger number of food groups are required to meet requirements of various nutrients 
(Arimond M, et al., 2002). Therefore, the score is converted into tertiles and the higher 
tertile of the score was taken as high HDDS and the middle and low tertiles were merged 
together as low HDDS (Belachew, Lindstrom, Gebremariam, et al., 2013; Thorne-Lyman et 
al., 2010). In the high HDDS category households consumed seven and more food groups 
while in the low HDDS less than seven food groups in the previous 1 week. ASF intake 
was assessed by counting the consumption of animal source products (meat, milk, egg 
and fish) by the households over the 1 week period. The consumption of each ASF is then 
described by its distribution among the regions. Composition of the food groups including 
ASFs; consumed in the higher and lower categories of HDDS was also examined to 
assess what additional food groups came in to the plate when a household is in the higher 
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3.3.3 Predictors of dietary diversity 
The individual characteristics examined as determinants of dietary diversity were age, sex, 
literacy status of the household head, and illness of any household member over the past 
12 months. It was hypothesized that male sex of the household head and being literate 
were positively associated with dietary quality; while illness in any member of the 
household was believed to negatively affect the dietary diversity (Swindale & Bilinksy, 
2006). The examined house-hold level factors included residence (urban vs. rural), 
household size (categorized as 4 and less and above 4 based on the average household 
size), experience of shock (defined as having experienced at least one of the following 
circumstances in the past 12 months: drought, crop damage, flood, loss of job, robbery, 
fire accident or land slide), experience of food shortage in the past 12 months, number of 
crops cultivated (categorized as 3 and less and above 3 crops based on the average 
number of crops cultivated) and socio-economic score. As there is no income and 
expenditure data to measure household’s economic status, SES index was constructed. 
The index was constructed using principal component analysis based on in-formation on 
housing conditions, ownership of assets and access to basic service. The analysis was 
performed separately for urban and rural households as the characteristics that define 
wealth in the two scenarios are expected to differ (FILMER & PRITCHETT, 2001; Stifel, 
Sahn, & Younger, 1999). Three factors were identified both in urban and rural areas and 
they explained 63 and 59% of the variations in the variables included in urban and rural 
areas respectively. Factor loadings having a value > 0.5 were the basis for selecting 
individual variable for the final factors.  
 
The variables included in the final factors were source of drinking water, toilet facility, 
electricity, type of floor, type of wall, ownership of durable goods (4 items recorded as yes 
and no ), crop land, livestock, ownership of horses, donkey or cart. For analytical 
purposes, the score is then categorized into tertiles as low, medium and high SES 
(FILMER & PRITCHETT, 2001). The variation in the pattern of consumption of all the food 
groups across socio-economic score was also tested using the chi square test for trend.  
 
 
Page | 37  
 
37Chapter 3: HDDS and Animal Source Food consumption 
HDDS was also described in terms of its distribution in the regions to identify regions with 
high and low HDDS. 
 
3.3.4 Statistical analysis 
Descriptive statistical analyses were conducted to determine the characteristics of the 
households and the types of food groups consumed in the reference period. Mean and 
standard deviation were reported for continuous variables that are normally distributed and 
frequency distributions for categorical variables. Bivariate analysis was carried out to test 
differences in HDDS. Multivariable logistic regression analysis was used to identify 
independent predictors of HDDS after controlling for confounding factors. All covariates 
showing association with HDDS (p< 0.25) were included in the final model. Interaction 
terms between different predictor variables were evaluated and collinearity was assessed 
using variance inflation factor. The association between consumption of individual food 
groups and SES was examined by Chi Square test for trend. Statistical significance was 
determined by using a P < 0.05 as a cut-off point. The results are presented as proportions 
and the parameters from the model as β coefficients and OR with 95% confidence interval. 
All the above analysis took into account the survey design by adjusting for sampling 
weight, strata and clustered nature of the data by using svy command on STATA version 
13. 
 
3.4  Results 
3.4.1 Characteristics of the study households 
A total of 27,995 households were involved in the analysis. A little over half of the study 
households, 52.2% had more than four household members during the time of the survey. 
Majority of the respondents were found in the age range of above 50 years (29.9%) 
followed by 31–40 years (25.9%). All of the respondents were heads of household and 
75.0% of them were males. About 40.0% of heads of the households were literate and 
21.6% of the study households were from urban residence. Only 7.8 and 26.2% reported 
to have experienced ill-ness and any kind of shock in the past 12 months. Out of the  
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farming households, as many as 36.9% of the households reported to cultivate more than 
three types of crops. From the total households, 11.2% of them were categorized as 
having high socio-economic score (Table 3.1). 
 
3.4.2 Description of food groups consumed 
The details of the proportion of households who consumed various types of food groups 
over the previous week are presented in Figure 3.1. The mean HHDS was five food 
groups. Cereals were the most commonly consumed food group by 96.0% of the 
households, followed by vegetables (81.6%), legumes (76.1%) and oils (75.4%). Fish, egg 
and fruits on the other hand were the least consumed food groups, in the study 
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Table 3.1 Characteristics of households 
Variable  Frequency  
(n = 27,995) 
Percentage (%) 
Age of household head ≤20 662 2.4 
21–30 6318 22.6 
31–40 7245 25.9 
41–50 5411 19.3 
>50 8359 29.9 
Sex of Household head Male 20,921 74.7 
Female 7074 25.3 
Literacy of household 
Head 
Read and write 11,124 39.7 
Don’t read and write 16,871 60.3 
Residence Urban 6037 21.6 
Rural 21,958 78.4 
Illness in the past 12 months Yes 2778 7.8 
No 25,817 92.2 
Experience of shock in 
the past 12 months 
Yes 7340 26.2 
No 20,655 73.8 
Food shortage in the 
past 12 months 
Yes 4047 14.5 
No 23,948 85.5 
Household size ≤4 13,375 47.8 
>4 14,620 52.2 
Crops cultivated a ≤3 7708 63.2 
>3 4498 36.9 
Engaged in farming Yes 21,725 77.6 
No 6270 22.4 
Own livestock Yes 20,970 74.9 
No 7025 25.1 
Socio-economic status Low 17,921 64.0 
Medium 6945 24.8 
High 3129 11.2 
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3.4.3 Regional distribution of higher HDDS, farming activity and owning livestock 
In all the regions except in the South Nations and Nationalities and People’s 
Representatives (SNNPR), there was a significant difference between the proportions of 
households with high and low HDDS. The proportion of households with higher HDDS was 
highest in Dire Dawa (49.3%), followed by Harari (45.1%) and the capital Addis Ababa 
(39.0%). Majority of the households in all the regions except Addis Ababa, Dire Dawa and 
Afar were also engaged in farming and livestock rearing (Table 3.2).The consumption of 
each food group was further tested against the households socio-economic status (Table 
3.3). The analysis revealed a significant difference in the consumption of all the food 
groups in the studied households by their socio-economic status. 
 
Table 3.2 Regional distribution of HDDS, Owning livestock and farming activity a 
 
Region 
High HDDS  









 N % N % N % 
Tigray (n = 1816) 389 21 <0.01 1322 73 <0.01 1262 70 <0.01 
Afar (n = 169) 23 14 <0.01 58 34 <0.01 128 76 0.55 
Amhara(n = 7278) 988 14 <0.01 5800 80 <0.01 5645 78 <0.01 
Oromia(n= 10,546) 2418 23 <0.01 8699 83 <0.01 8416 80 <0.01 
Somali (n = 605) 104 17 <0.05 403 67 <0.01 493 81 <0.01 
Benishangul =222) 96 30 <0.01 193 87 <0.01 172 78 0.07 
SNNP (n = 5613) 1030 18 0.25 4952 88 <0.01 4545 81 <0.01 
Gambella (n = 123) 27 22 <0.01 93 75 0.07 72 58 <0.01 
Harari (n = 81) 37 45 <0.01 40 49 <0.01 36 44 <0.01 
Addis Ababa=761 493 39 <0.01 17 2.2 <0.01 32 44 <0.01 
Dire Dawa(n = 151) 74 49 <0.01 39 26 < 0.01 53 35 <0.01 
a percentages indicate proportion of households in different regions, who had high HDDS, 
engage in farming and own livestock 
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Socio-Economic Status  
X2a 
 
P Low SES 
N = 17,921 
Medium SES 
N = 6945 
High SES 
N = 3129 
No % N % N %   
Meat 4659 26 2560 36.9 1873 59.9 1474 P < 0.01 
Egg 1652 9.2 1050 15.1 1160 39.1 1751 P < 0.01 
Milk 6475 36.1 1993 28.7 1141 36.5 130 P < 0.01 
Fish 188 1.1 68 0.9 56 1.8 15 P < 0.01 
Vegetable 14,609 81.5 5789 83.4 2439 78.0 41 P < 0.01 
Fruit 2529 14.1 1677 24.2 1266 40.5 1300 P < 0.01 
Oil 12,014 67.0 6004 86.5 3080 98.5 2029 P < 0.01 
Sweets 4756 26.5 3611 52.0 2793 89.3 4942 P < 0.01 
Legumes 13,003 72.6 5671 81.6 2640 84.4 360 P < 0.01 
Tubers 4206 23.5 2409 34.7 1743 55.7 1426 P < 0.01 
Cereals 17,011 94.9 6741 97.1 3127 99.9 205 P < 0.01 
a chi square test for trend, b percentages indicate proportion of food groups consumed in 
each SES category 
 
3.4.4 Composition of the food groups consumed by HDDS 
In addition to reporting the food groups consumed, it is important to know which food 
groups were predominantly consumed at different levels of HDDS. This provides 
information on which food groups were eaten by those with the lowest score and which 
ones were added for those with the higher score. In the current study, there was a notable 
difference in the consumption of the food groups among the households with respect to 
their dietary diversity score (Table 3.4). Cereals (95.1%), vegetables (78.5%), legumes 
(71.9%) and oil (69.3%) were the food groups consumed in a greater proportion among 
households with low HDDS. The most frequently reported food groups by the house-holds 
with higher HDDS in addition to the previous ones were sweets (84.3%), meat (70.8%), 
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Table 3.4 Pattern of consumption of the food groups by household dietary diversity score 
Low HDDS High HDDS  
P Food 
groups 
Frequency % Food 
groups 
Frequency % 
Cereals 5403 95.1 Cereal 22,265 99.8 P < 0.01 
Legumes 4085 71.9 Legumes 20,659 92.6 P < 0.01 
Vegetables 4460 78.5 Vegetables 20,926 93.8 P < 0.01 
Oil 3938 69.3 Oil 22,154 99.3 P < 0.01 
Fruits 602 10.6 Fruits 12,137 54.4 P < 0.01 
Tubers 1182 20.8 Tubers 14,546 65.2 P < 0.01 
Sweets 1619 28.5 Sweets 18,785 84.2 P < 0.01 
Egg 2784 4.9 Egg 11,267 50.5 P < 0.01 
Meat 1290 22.7 Meat 15,795 70.8 P < 0.01 
Milk 1545 27.2 Milk 13,899 62.3 P < 0.01 
Fish 6 0.1 Fish 580 2.6 P < 0.01 
Bold: to indicate food groups consumed in greater proportion (>50%) mainly among 
households with higher HDDS 
 
3.4.5 Pattern of Animal Source Food consumption by region and HDDS 
Examining the pattern of consuming ASF showed the variability in consumption across the 
different regions (Figure 3.2). The Somali region had the highest intake of milk where 
80.7% reported milk consumption in the previous week. The lowest milk intake was found 
in Benishangul, with only 14.8% reporting milk consumption in the reference period. Meat 
was consumed in 54.3% of households in Tigray and 47.7% of households in Addis 
Ababa. Egg was consumed by 38.8% of the households in the capital Addis Ababa, which 
was a higher proportion compared to other regions. Gambella, Dire Dawa, Addis Ababa 
and Harari were the regions where relatively all ASF, except fish, were consumed in a 
better proportion compared to other regions. Fish is consumed in significant proportion 
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This study demonstrated that ASFs, specifically meat, egg and milk in addition to other 
food groups were consumed in a larger proportion (>50%) among households with higher 



















Figure 3.2: Proportion of ASF (meat, egg, fish and milk) consumption among the regions 
 
 
3.4.6 Predictors of HDDS 
Predictors of higher HDDS were identified in this re-search using logistic regression 
analysis. Based on that, socio-economic status of the higher (AOR = 5.37, P < 0.01) and 
medium category (AOR = 1.93, P < 0.01), urban residence (AOR = 1.83, P < 0.01), literacy 
(AOR = 1.79, P <0.01), having more than 4 household members(AOR = 1.18, P < 0.01) 
and owning livestock (AOR = 1.58, P < 0.01) were found to be positively associated with 
higher HDDS. On the other hand, the odds of having higher HDDS among female headed 
households was lower than that of male headed households by 11% (AOR = 0.89, P < 
0.05). The likelihood of having higher HDDS among those households who experienced 
food shortage in the previous 12 months was 62% lower when compared to those 
households with no shock experience (AOR = 0.38, P < 0.01) (Table 3.5). 
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Table 3.5: Multivariable logistic regression analysis: predicting the likelihood of 
having high HDDS in Ethiopia 
Predicting variables  Number β AOR (95% CI) P 
Sex of the household 
head 
Male 20,921  1  
Female 7074 −0.11 0.89 (0.80,0 .99) 0.04* 
Residence Urban 6035 0.61 1.83 (1.61, 2.08) 0.01* 
Rural 21,958  1  




11,125 0.58 1.79 (1.62, 1.98) 0.01* 
Not read 
and write 
16,871  1  
Experienced Shock in 
the past 12 months 
Yes 7340 −0.07 0.93 (0.83, 1.03) 0.20 
No 20,655  1  
Illness in the past 12 
months 
Yes 2778 0.06 0.93 (0.79, 1.12) 0.52 
No 25,817  1  
Own livestock Yes 20,970 0.46 1.58 (1.37–1.82) 0.01* 
No 7025  1  
Engaged in farming Yes 21,724 0.09 1.10 (0.94–1.28) 0.22 
 No 6271  1  
Food shortage in the 
past 12 months 
Yes 4047 −0.96 0.38 (0.33–043) 0.01* 
No 23,948  1  
Household size ≤4 13,375  1  
>4 14,620 0.16 1.18 (1.06, 1.29) 0.02* 
Socio Economic status Low 17,921  1  
Medium 6945 0.66 1.93 (1.71, 2.19) 0.01* 
High 3129 1.68 5.37 (4.56, 6.32) 0.01* 
Age of the household 
head 
≤20 662 0.05 1.05 (0.78,1.39) 0.75 
21–30 6316 0.24 1.27 (1.12, 1.44) 0.01* 
31–40 7245 0.11 1.11 (0.98, 1.25) 0.08 
41–50 5411 0.04 1.04 (0.91, 1.18) 0.54 
>50 8359  1  
Parameter estimates were adjusted for the tabulated variables. *significant 
predictors at p < 0.05 
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3.5  Discussion 
This study showed that the diet of many of the house-holds was composed of 
cereals, oil, legumes and vegetables. Majority of the households had low HDDS and 
foods from animal sources were a rare component in the household’s diets, 
particularly in households with low HDDS. The study also revealed that various 
intermediate factors like sex of the household head, socio-economic status, 
residence, household size and experience of food shortage and owning livestock to 
influence consumption of diversified diet in the households. 
 
3.5.1 Food consumption 
Similar to many LMICs (P. H. Nguyen et al., 2013), cereals were consumed among 
many of the households whereas; fruits and animal source products were less 
consumed. The study revealed that most of the households had low HDDS, though 
there were notable variations across regions. It was in the two city administrations 
(Dire Dawa and Addis Ababa) and Harari region that a sizable proportion of 
households had high HDDS and also consumed ASFs in better proportion compared 
to other regions. Households in these regions were urban residents with higher 
access to markets that can supply more food varieties which may have contributed 
to the higher score. The growing demand by the middle class of the population and 
other external economic changes are causing domestic prices of food items to rise 
(Viswanath N., 2012). As a result, farmers are selling majority of their products to the 
urban consumers and many of the products are not accessible at an affordable price 
to the poor majority in rural areas. Moreover, urban households are believed to be 
exposed to information about the health benefits of a diversified diet through different 
media outlets (Belachew, Lindstrom, Gebremariam, et al., 2013). Afar, Amhara and 
Somali were the regions where more than 80% of the households were having a low 
HDDS. Majority of the households in these regions are pastoralists and traditional 
farmers who are dependent on marginal resources whose availability are dependent 
on seasonality. They face challenges like recurrent droughts, flood, erratic rain fall 
patterns and high temperature (Pantuliano S, et al., 2008) that threaten their 
livelihood practices. Their frequent mobility as a result of the aforementioned 
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disasters and a very traditional way of farming may have resulted in lesser 
productivity and then consumption of a less diversified diet.  
 
The current study demonstrated that the proportion of ASF consumption is higher 
among households with higher HDDS. The multiple logistic regressions also 
revealed a positive and significant association between owning livestock and higher 
HDDS. Therefore, the increased ASF consumption could be from a direct 
consumption of what they own or through increased purchasing ability of the 
households as they generate income from owning livestock. For majority of 
households, livestock is an important asset of regular income that the households 
rely on and be disposed of in hard times to provide a safety net (Asfaw S, et al., 
2010). As reported previously (Belachewet al., 2013) and demonstrated in the 
current study also, HDDS is positively associated with a higher socio-economic 
status of the households where by the households are able to purchase variety of 
foods including ASF to diversify their diet.  
 
Though there is a significant difference in the consumption of all food groups in both 
categories, our study indicated that ASFs were introduced to the plates of 
households in a greater proportion in the higher HDDS category compared to the 
lower HDDS category. A diversified diet containing ASF is good source of essential 
micronutrients (Ayele & Peacock, 2003; James & Palmer, 2015). Although ASF 
consumption contributes majorly to dietary quality, decreased access and relatively 
higher price hampers its consumption in most low income settings (Fram et al., 2011; 
Speedy, 2003a).  
 
Fruits are among the main food groups which contribute a significant share for 
under-consumed nutrients in many settings. They reduce the risk of many chronic 
diseases, help individuals achieve and maintain a healthy weight (US Department of 
Agriculture and US Department of Health and Human & Services., 2014; WHO., 
2002). Their intake is also commonly taken as an indicator of a healthy overall diet 
(Hurley et al., 2009). This study identified that, fruits were also among the food 
groups which were consumed in larger proportion in the higher HDDS category and  
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the difference in the consumption was also found to be statistically significant. 
Evidence suggests that consumption of fruits is highly associated with household 
socio-economic status and urban residence in LMICs (Food Insecurity in Sub-
Saharan Africa, 2006; Ruel & Garrett, 2004). Availability in the markets, availability of 
storage facilities, change in life style and cultural patterns could also result in a 
higher consumption of fruits among the households . 
 
Consumption of sweet foods and beverages has long been in scrutiny for its risk 
related to obesity and chronic diseases worldwide (Drewnowski et al., 2012). Despite 
this fact, its consumption in the current study was found to be higher among 
households with high HDDS. The need for convenience leading to the purchase of 
more processed foods, availability in the urban markets and recent shifts in the 
pattern of dietary consumption due to increased income and urbanization 
(FAO/WHO, 1995) could have resulted in its increased consumption. 
 
The consumption of tubers and oils were also much higher in the higher HDDS 
households in the current sample. If one has to mention largely consumed food 
groups in Ethiopia, edible oil or cooking oil would be one on top. Though edible oil is 
one of the main consumer goods with increased price and exist in short supply, the 
urban consumer, where majority of households with higher HDDS live, are 
dependent on it for most domestic food preparations. Recent report on food 
production and consumption patterns in sub Saharan Africa (Chauvin, Mulangu, & 
Porto, 2012) indicated that, there has been a positive growth rate in the production 
and consumption of cereal, oil seeds and tubers. The report also informed that there 
is a shift in the production of cash crops to food crops due to increase in the incident 
of drought conditions. This could apparently result in the increased consumption of 
these food groups. 
 
3.5.2 Predictors of Household Dietary Diversity Score 
The current study identified that households from urban areas and high socio-
economic groups have a more varied diet. This finding is comparable with a previous  
study in Ethiopia and central Mozambique (Belachew et al., 2013; FAO, 2008), which 
indicated that urban residence and high household income tertiles were positively 
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associated with having high HDDS. This suggests that in the face of increasing food 
prices, higher income of the household enhances the capacity to purchase various 
food items thereby they will have access to consume a diversified and quality diet 
(Thorne-Lyman et al., 2010). 
 
Experiencing food shortage in the past 12 months was negatively associated with 
higher HDDS. Food constraints, which can be expressed through having poor dietary 
practices, can occur when households experience different types of shocks. The 
poor dietary practices emanate from behavioral adaptations in response to food 
shortages in the household (Mammen, Bauer, & Richards, 2009) which ultimately 
result in a trend of consuming less diversified diet in the households.  
 
Our findings have implications for the ongoing drought situation in Ethiopia where the 
livelihood of more than10 million people is already in crisis (European Commission., 
2015). In the face of scarce food supplies, households opt to coping strategies 
expressed by reduced number or size of meal which will negatively affect their 
nutrient intake (Coates et al., 2018).It is also noted in this study that male-headed 
households had a higher HDDS. As is common in many LMICs, men are mostly 
household’s decision makers and the sole source of income (Mulugeta & Amsalu, 
2014a, 2014b) which could directly affect the variety of diet consumed in the 
household. . But it is also important to note that there are studies (Rogers, 1996) that 
identified that female-headed households spent more on higher quality, more 
expensive and protein-rich foods. This implies the need to empower women through 
involving them in household decision making, having their own income or managing 
the family budget could have also a positive impact in consuming quality diet in 
addition to its diversity. Literacy of household heads was also positively associated 
with an increased HDDS. Comparable findings from other studies noted that literate 
household heads spent a significant amount of their food budget on nutritionally 
important food groups, because of a better understanding on their health benefits 
(Haddad & Smith, 2000; Taruvinga et al., 2013). 
 
 
Households with more than four family members were found to be positively and 
significantly associated with higher HDDS. In these households, 45.3% of the 
household members were between 15 and 50 years of age. A finding from the 1996 
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Tanzanian health and demographic survey corroborated that, in a labor intensive 
socio economy, households with a larger labor force could be less poor (Kamuzora & 
Mkanta, 2000). Families with a larger labor force can also invest more in agricultural 
practices resulting in an increase production, or increase their income by paid labor. 
 
This analysis was based on very large data set which represents all regions of the 
country, and provides a good source of information for benchmarking strategies 
focusing on nutrition surveillance in the country. As there is within household 
variability of dietary intake within the days of the week, the study used a reference 
period of 1 week to define consumer of a food group. The dataset used does not 
provide information on the quantity of food consumed and the adequacy of nutrients 
(compared to requirements).  
 
Thus, we were unable to investigate if HDDS is associated with adequate nutrient 
intake. Given the fact that most people share food from a common bowl, it is difficult 
to quantify individual consumption and attribute the nutrient intakes (Teufel, 1997). In 
Ethiopia many programs such as Social Safety Net, Agriculture Development 
Program (AGP) and Livestock market Development (USAID, 2013) aim to increase 
household income, agricultural productivity, improve quality and diversity of 
household diet and as such nutritional status. These programs are believed to help 
realize the Sustainable Development Goals in nutrition (UNSCN, 2014). For these 
programs to be effective, identifying target populations and vulnerable areas is a key. 
The findings from this study can be used to either target or evaluate the effect of the 
strategies employed by the above mentioned programs.  
 
3.6 Conclusions 
Due to changes associated with urbanization, increasing income and market 
liberalization in many LMICs, food systems are changing, resulting in greater 
availability and diversity of food, although access to this food is by no means 
universal. So far, general trends in food consumption patterns have been 
documented. But, understanding of which foods are consumed by which consumer 
groups, where and why is pressing to know, not only for its importance for food and 
agricultural planning, but also for designing of interventions of preventive measures. 
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The current study highlights the pattern of consumption of various food groups to be 
different across the regions, SES and the composition of food groups consumed to 
vary by HDDS. It also demonstrated that higher HDDS was identified among 
households with higher socio economic status, literate, larger and male headed 
households, living in urban areas. In the light of these findings, we need to focus on 
nutrition sensitive interventions addressing the problem through economic and 
educational empowerment and modern technologies supporting agricultural 
practices to increase both local production and increased consumption of diversified 
and quality diet.  
 
51 | P a g e  
 





52 | P a g e  
 















Chapter 4: Burden and determinants of undernutrition among 










Redrafted from: Workicho, A., Belachew, T., Ghosh, S., Kershaw, M., Lachat, C. & 
Kolsteren, P. Burden and Determinants of Undernutrition among young pregnant 
women in Ethiopia: A multivariable hierarchical regression analysis. Under review at 




53 | P a g e  
 
53 Chapter 4: Burden and determinants of undernutrition in young pregnant women 
Background: Undernutrition is a major public health concern due to its association 
with the mortality and disease burden of women and children. This study aimed at 
identifying the extent and determinants of undernutrition among young pregnant 
women in Ethiopia. 
 
Methods: A multivariable regression analysis was fitted to identify determinants of 
undernutrition and anemia  in a sample of 1,393 pregnant women. Risk ratios with 
95% confidence interval were estimated. All the analyses were performed using 
STATA version 14 and adjusted for clustering.  
 
Results: The study revealed that 38% of the women were undernourished and 22% 
were anemic. Improved maternal education (RR=0.94, 95% CI: 0.89, 0.98), higher 
wealth status (RR=0.72, 95% CI: 0.47, 0.95), higher minimum dietary diversity for 
women (MDDW) (RR=0.87, 95% CI: 0.77, 0.98), increased maternal height 
(RR=0.96, 95% CI: 0.94, 0.98) and protected water source (RR=0.93, 95% CI: 0.86, 
0.96) have decreased the risk of undernutrition while using unimproved toilet 
(RR=1.31, 95% CI: 1.06, 1.63) and depression (RR=1.33, 95% CI: 1.14, 1.55) 
increased the risk of anemia. Animal source food (ASF) consumption decreased 
both the risk of undernutrition (RR=0.85, 95% CI: 0.77, 0.94) and anemia (RR=0.91, 
95% CI: 0.85, 0.95). 
 
Conclusion: The burden of undernutrition is still high. While improved socio-
economic status and dietary practices decreased the risk of undernutrition, poor 
health and environmental conditions were still significant risk factors. These findings 
suggest the need to target this set of important determinants to significantly 
decrease the burden of undernutrition among young pregnant women. 
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4.2 Introduction 
Maternal undernutrition remains an important public health condition in low and 
middle-income countries (LMICs) (Black et al., 2008). Women of reproductive age, 
especially pregnant women, in developing countries are recognized to be at risk of 
poor nutritional status including multiple micronutrient deficiencies, with a high risk of 
adverse effects on the mother and pregnancy outcomes (Black et al., 2010). 
Marriage for girls, before or very shortly after puberty, is common in Africa and South 
Asia curtailing their growth process. Nearly two thirds of women in sub-Saharan 
Africa and in several countries of south Asia have their first child before the age of 20 
years(Rah et al., 2008). Evidence shows that in these settings chronic undernutrition 
can also delay physical maturation and extend the adolescent growth period beyond 
20 years of age (Chulani & Gordon, 2014). The adverse nutritional status in this 
group is mainly due to adverse environmental conditions, low socioeconomic status 
and poor diets (Black et al., 2008; Lindsay, Gibney, & McAuliffe, 2012; Pheak 
Chhoun et al., 2016). Their poor nutritional practices result in nutrient deficiencies, 
and subsequently obstetric and nutritional complications (Lindsay et al., 2012).  
 
The spectrum of nutritional problems among pregnant women in LMICs 
encompasses the entire range of acute and chronic malnutrition and micronutrient 
deficiencies (B, 2013; Blacket al., 2008; P. H. Nguyen et al., 2017). These nutritional 
problems worsen when the pregnancy is during adolescence. An undernourished 
woman is likely to give birth to an undernourished child, causing the cycle of 
undernutrition to be repeated over generations(Leary, 2005; Prentice et al., 2013; 
United Nations, 1993). Factors at individual, household and community level, or a 
combination thereof are responsible for women being vulnerable to undernutrition 
throughout their lives(Lindsay et al., 2012; P. H. Nguyen et al., 2017; Pheak Chhoun 
et al., 2016). Pregnant women in Ethiopia, like in many other LMICs, suffer from a 
range of nutritional problems. Despite tremendous efforts being put in place, the 
burden of maternal undernutrition remained high as 27% of them are chronically 
malnourished (Central Statistical Agency Addis Ababa, Ethiopia ICF International 
Calverton, Maryland, USA, 2012) and 32% of pregnant women were anemic  
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(Kassa et al., 2017). Understanding the level and wide range of determinants of 
undernutrition in pregnant women is hence important in designing focused 
interventions.  
 
The present study is therefore aimed at identifying the extent and socio-
demographic, dietary and health related determinants of undernutrition during 
pregnancy among young and pregnant women in Ethiopia. Determinants of both 
undernutrition and anemia were examined to help identify an important set of 
determinants to be targeted by interventions focusing on a range of indicators of 
nutritional status in young and pregnant women.   
 
4.3 Methods 
4.3.1 Study setting, design and sample 
Baseline data from the USAID Empowering New Generation in Nutrition and 
Economic opportunities(ENGINE) birth cohort study, conducted from January 2014 
to March 2016 in the Oromia region of Ethiopia were used in the present study. 
Oromia was selected purposively as the largest region in the country targeted by 
USAID ENGINE. Three districts, namely Goma, Woliso and Tiro Afeta were further 
selected from the region based on (i) an expected population of more than 3,000 
pregnant women so that we can account for loss to follow up, (ii) geographical 
similarities in agro-ecology and agricultural production practices and (iii) proximity 
and accessibility for data collection. Administratively, each district was further sub-
divided into units called kebeles, which were the study clusters. All recruitment took 
place at the kebele level. Trained data collectors who were nurses by profession, 
conducted a house-to-house active surveillance to recruit the study participants with 
support from the kebele health extension workers. Upon identification, pregnant 
women who were in their second and third trimester were invited to enroll in the 
study after receiving informed consent. From the original cohort, 1,393  pregnant 
women who were 15-24 years old and for whom mid upper arm circumference 
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4.3.2 Data quality control 
Enumerators and supervisors were given adequate training on each component of 
the data collection tool and on taking all the measurements needed in the study 
using practical applications and role playing. A three days pretesting was also 
conducted in order to ensure correct administration of questions and taking and 
recording of measurements among the enumerators before commencing actual data 
collection. An electronic data collection method was applied using Android handled 
tablets to minimize errors in data collection and entry.  
The collected data was cross-checked by supervisors on a regular basis before 
sending to a secured online server. Additionally, a data manager regularly checked 
completeness and consistency of the online data and referred mistakes and 
incomplete data to the field to be corrected.  
 
4.3.3 Measurements 
Data on household characteristics, socio-economic and demographic information, 
antenatal exposures, dietary data and household food security status were collected 
using a structured, pre-tested, interviewer administered questionnaire using an 
Android tablet computer at recruitment. 
 
Maternal height was measured using a stadiometer (Weigh and Measure LCC, USA) 
to the nearest 0.1 cm, without shoes. In the regression analysis, maternal height was 
analyzed as a continuous variable. MUAC of the pregnant women was measured on 
the left arm mid-way between the olecranon and acromion processes using a non-
elastic MUAC tape (SECA 201, Germany) (Cogill, Bruce, 2003).  A MUAC cutoff of 
less than 23 cm was used to identify undernourished pregnant women (Tang et al., 
2016). Individual minimum dietary diversity for women (MDDW) was constructed 
based on data from a 24-hr qualitative dietary recall interview and according to the 
standard guideline (FAO and FHI 360, 2016).  The MDDW score ranged from 0 to 8 
points, with each point representing one food group reported consumed in the 
previous day. The food groups consumed were starchy staples, beans and peas, 
seeds and nuts, dark green leafy vegetables, dairy, Meat and Fish, eggs and other  
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vitamin A-rich fruits, other vegetables and other fruits). Women with MDDW score of 
<5 were considered to have lower micronutrient adequacy.  
Animal source food (ASF) consumption was constructed by counting consumption of 
animal source products (flesh foods, egg and dairy products), and women who 
consumed any of these food products were considered a consumer. A wealth index 
was constructed using principal components analysis based on information on 
housing conditions, ownership of assets and availability of basic services. For 
analytical purposes, the score was then categorized into tertiles of low, medium and 
high (Filmer & Pritchett, 2001). Maternal depression was assessed using Patient 
Health Questionnaire (PHQ9). The possible scores ranged from 0-25 and women 
with mild to severe depression were all classified as having depression (Kroenke, 
2012).  The HemoCue Hb 201 DM system was used to measure hemoglobin levels 
and then anemia values were adjusted for altitude and trimester using standard 
methods (Cohen & Haas, 1999). Women with hemoglobin level <11g/dl were labeled 
as anemic (Daru et al., 2018; WHO, 2011).  
 
4.3.4 Conceptual model: blocks and variables 
Variables were grouped into three different blocks based on a proposed conceptual 
framework for promoting maternal nutrition (Figure 1). The first block included socio-
demographic and environmental characteristics (maternal age, parity, maternal 
education, wealth index, toilet type and source of drinking water). The second 
included variables on maternal health status (illness during pregnancy and antenatal 
depression). The third block focused on nutritional and antenatal exposures (dietary 
diversity score for women, animal source food consumption, iron-folic acid 
supplement, maternal height, deworming, and antenatal care follow-up). The 
outcome variables were maternal MUAC, categorized as <23cm and ≥23cm, and 
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Socio-demographic and environmental factors (Block 1) 
Maternal age               Water source 
Maternal educationWealth index           
Parity                            Toilet 
Maternal dietary and antenatal factors (Block 2) 
 Minimum dietary diversity for women 
 Animal source food consumption 
 Iron-folate supplementation 
 Maternal height  
 Deworming  
 ANC follow up 
Maternal health status (Block 3) 
 Illness during pregnancy 
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4.3.5 Statistical analysis 
Exploratory analysis was performed to verify any missing values and outliers before 
conducting the main analysis. Frequencies, percentages, mean and standard 
deviations (SD) were used to report descriptive data. The differences in various 
maternal characteristics across the outcomes measured (MUAC and anemia) were 
tested using a chi square test. First, a bivariate Poisson regression analysis was 
performed to estimate risk ratios (RRs) for both of the outcomes. Variables were 
selected for the next step based on statistical significance at p<0.25 (Bursac, Gauss, 
Williams, & Hosmer, 2008) and from a review of relevant literature. Following this, 
multivariable Poisson regression models were estimated, in which variables from 
each block were included sequentially using nestreg command on STATA 14 
(StataCorp, Texas, USA). This resulted in three regression models (A, B and C) with 
a step-by-step inclusion of blocks of potential risk factors. The multiple coefficient of 
determination (R2) was used to measure the percentage of variance in the outcomes 
explained by the independent variables for each block. Interaction terms between 
different covariates were included in the model to test for model improvement. 
Collinearity among the independent variables in the model was also assessed by 
measuring their variance inflation factor (VIF). All the analyses were performed using 
robust variance estimators with a maximum likely hood estimation method to adjust 
for subject clustering by study kebele. All tests were two sided and statistical 
significance was considered at p <0.05. 
 
4.4 Results 
The mean (± SD) age of the women was 20 years (±2 years). The study found that 
38% of the pregnant women had MUAC of <23cm, 22% were anemic, and 12% of 
them had both conditions. Most of the independent variables were significantly 
associated to both outcomes as tested using bivariate methods. The descriptive 
results are presented in Table 1. Consumption of fruits, vegetables, and ASF were 
found to be much higher among pregnant women with higher MDDW as compared 
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Table 4.1: Baseline characteristics by nutritional status of pregnant women 
Variables 
 
MUAC<23cm n=1,393 P-value Anemia n=1,393 P-value 
Yes n(%) No 
 n(%) 
Yes n(%)  No 
 n(%)  
Maternal age 
in years 
15-19  152(39) 237(61) 0.208* 80(20.6) 309(79.4) 0.479 
20-24  379(38) 625(62) 224(22.3) 780(77.7) 
Educational 
status 
No formal  
Education 
183(41) 261(59) 0.097** 115(26) 329(74) 0.042*** 
Primary 309(38) 514(62) 164(20) 659(80) 
Secondary 
and above 
39(31) 87(69) 25(20) 101(80) 
Parity  Primi para 311(39) 485(61) 0.399 101(17) 496(83) 0.001*** 
Multi para  220(37) 377(63) 203(25.5) 593(74.5) 
Wealth index Lowest 220(42) 298(58) 0.001*** 124(24) 394(76) 0.017*** 
Middle 178(44) 226(56) 98(24) 306(76) 
Highest 133(28) 338(72) 82(17.4) 389(82.6) 
Family size <5 448(38) 733(62) 0.737 253(21.4) 928(78.6) 0.393 
≥5 83(39) 129(61) 51(24) 161(76) 
Toilet type Improved 146(36.5) 254(73.5) 0.705 70(17.5) 330(82.5) 0.043*** 
Unimproved 385(39) 608(61) 234(23.6) 754(76.4) 
Water source Protected  341(36) 606(64) 0.017*** 202(21.3) 745(78.6) 0.537 
Unprotecte  189(43) 254(57) 101(23) 342(77) 
MUAC <23cm -- --  137(26) 394(74) 0.005*** 
≥23cm -- -- 167(19.3) 695(80.7) 
MDDW <5 470(39) 745(61) 0.138* 267(22) 948(78) 0.720 
≥5 61(34) 117(66) 37(21) 141(79) 
Maternal ht. Mean (SD) 156 (5.9) 158 (5.4) 0.001*** 158 (5.7) 158 (5.6) 0.753 
ASF 
consumption 
Consume  250(40.5) 367(59.5) 0.100** 128(21) 489(79) 0.385 
No consume 281(36) 495(64) 176(22) 600(78) 
Iron-folic acid 
supplemnt 
≤ 3 months 369(38) 607(62) 0.714 221(22.6) 755(71.4) 0.227* 
> 3 months 162(39) 255(61) 83(20) 334(80) 
Deworming Yes 25(37) 43(63) 0.814 16(23.5) 52(76.5) 0.727 
No 506(38) 819(62) 288(22) 1,037(80) 
ANC follw-up No 51(41.5) 72(58.5) 0.424 37(30) 86(70) 0.020*** 
At least one 480(38) 790(62) 267(21) 1,003(79) 
Any illness Yes  103(43.6) 133(56.4) 0.055** 50(21) 186(79) 0.975 
No  428(37) 729(63) 254(22) 903(78) 
Depression  Yes  132(41) 189(59) 0.207* 88(27.4) 233(72.6) 0.006*** 
No  399(37) 673(63) 216(20) 856(80) 
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MUAC= mid upper arm circumference, MDDW= minimum dietary diversity for women, ASF= 





Figure 2: Percentage consumption of fruits, vegetables and animal source food 
(ASF) by minimum dietary diversity score for women (MDDW) 
 
Table 2 and Table 3 show the estimates from the multivariable hierarchical 
regression analyses after decomposing the variables in the three blocks and three 
regression models. Model A identified the role of socio-demographic and 
environmental factors in determining maternal MUAC. Variables in this block 
explained 15% of the variation in the outcome with improved maternal educational 
status (RR=0.90, 95% CI: 0.89, 0.98) and highest wealth tertile (RR=0.67, 95% 
CI:0.47, 0.90) significantly protecting against undernutrition. The variables in this 
block also explained 17% of the variation in maternal anemia. Younger maternal age 
(15-19) (RR=1.20, 95% CI:1.07, 1.33) and using an unimproved toilet (RR=1.41, 
95% CI: 1.07, 1.86) were significant risk factors for anemia 
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Table 4.2: Multivariable hierarchical regression analysis of determinants of 
undernutrition among young pregnant women in Ethiopia 
 
RR=risk ratio, MUAC= mid upper arm circumference, MDDW= minimum dietary 
diversity for women, ASF= animal source food, ANC= antenatal care, *statistical 








Model B (blocks 1&2)   
R2=22% 
RR (95%CI) 
Model C (blocks 1,2,&3)  
R2=43% 
RR (95%CI) 
Maternal age (15-19)  1.04(0.82, 1.31) 1.03(0.80, 1.33) 1.05(0.78, 1.40) 
Maternal education    
No formal Reference  Reference  Reference  
Primary 0.98(0.84, 1.13) 0.97(0.84, 1.13) 0.99(0.88, 1.12) 
≥Secondary 0.90(0.89, 0.98)* 0.90(0.83, 0.98)* 0.94(0.89, 0.98)* 
Primipara 0.97(0.74, 1.27) 0.98(0.75, 1.28) 0.97(0.70, 1.35) 
Wealth index    
Lowest Reference  Reference  Reference  
Middle 1.03(0.83, 1.27) 1.02(0.82, 1.27) 1.03(0.82, 1.29) 
Highest 0.67(0.47, 0.90)* 0.67(0.45, 0.96)* 0.72(0.47, 0.95)* 
Water 
sourc(protected) 
0.93(0.84, 1.02) 0.92(0.85, 1.00) 0.93(0.86, 0.96)* 
Any illness(yes)  1.20(1.08, 1.33)* 1.23(1.09, 1.33)* 
Depression (yes)   1.11(0.88, 1.39) 1.17(0.83, 1.39) 
MDDW ( ≥5)   0.87(0.77, 0.98)* 
Maternal height   0.96(0.94, 0.98)* 
ASF consume (yes)   0.82(0.77, 0.94)* 
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Model B estimates the role of variables from the second block adjusted for variables 
from the first block. The variables in this model explained 22% and 40% of the 
variation in undernutrition and anemia respectively. On top of the previous significant 
determinants, illness during pregnancy (RR=1.20, 95% CI: 1.08, 1.33) and antenatal 
depression (RR=1.34, 95% CI: 1.09, 1.64) were significant risk factors for 
undernutrition and maternal anemia respectively after adjusting for socio-
demographic and environmental factors.  
 
Model C was constructed by including all variables in the three blocks to estimate 
the association of dietary practices of the women with their nutritional status adjusted 
for the variables from the first two blocks. This model explained 43% and 58% of the 
variation in undernutrition and maternal anemia respectively. Women with higher 
MDDW had decreased risk of undernutrition (RR=0.87, 95% CI: 0.77,0.98) and 
anemia (RR=0.95, 95% CI: 0.88, 0.98) and consumption of animal source foods  
significantly decreased the risk of undernutrition (RR=0.85, 95% CI: 0.77, 0.94) and 
anemia (RR=0.91, 95% CI: 0.85, 0.95). It was also shown that a unit increase in 
maternal height had a protective effect against undernutrition (RR=0.96, 95% CI: 
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Table 4.3: Multivariable hierarchical regression analysis of determinants of 
maternal anemia 
 
RR=risk ratio, MUAC= mid upper arm circumference, MDDW= minimum dietary 
diversity for women, ASF= animal source food, ANC= antenatal care, *statistical 






Model A (block 1)  
 R2=17% 
RR (95%CI) 
Model B (blocks 1&2)   
R2=40% 
RR (95%CI) 
Model C (blocks 1,2,&3)   
R2=58% 
RR (95%CI) 
Maternal age (15-19)  1.20(1.07, 1.33)* 1.17(1.08, 1.28)* 1.14(1.06, 1.21)* 
Maternal education    
No formal Reference  Reference  Reference  
Primary 0.86(0.66, 1.12) 0.86(0.66, 1.13) 0.91(0.71, 1.16) 
≥Secondary 1.00(0.70, 1.51) 1.03(0.71, 1.52) 1.15(0.80, 1.66) 
Primipara 0.65(0.51, 0.81)* 0.66(0.52, 0.83)* 0.65(0.52, 0.81)* 
Wealth index    
Lowest Reference  Reference  Reference  
Middle 0.92(0.74, 1.16) 0.92(0.73, 1.16) 0.98(0.82, 1.18) 
Highest 0.69(0.39, 1.22) 0.68(0.39, 1.19) 0.79(0.47, 1.32) 
Toilet (unimproved) 1.41(1.07, 1.86)* 1.40(1.06, 1.87) 1.35(1.06, 1.63)* 
Any illness(yes)  1.00(0.75, 1.29) 0.94(0.77, 1.21) 
Depression (yes)   1.34(1.09, 1.64)* 1.36(1.14, 1.55)* 
MUAC (<23 cm)   1.30(1.01, 1.57)* 




  0.96(0.80, 1.15) 
Deworming(yes)   1.07(0.66, 1.76) 
ANC follow-up (≥1)   0.81(0.60, 1.08) 
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4.5 Discussion 
This study aimed to identify the burden and determinants of maternal undernutrition 
among young and pregnant women in Ethiopia. The findings revealed that the level 
of undernutrition remains high. We also observed that improved maternal 
educational status, higher wealth status, using a protected water source, and 
consumption of ASF were protective against the risk of both undernutrition and 
anemia while higher MDDW and increased maternal stature were protective against 
undernutrition. On the other hand, young maternal age (15-19 years), illness during 
pregnancy, short stature, unimproved toilet, and depression were risk factors for both 
of the outcomes in the present study.  
 
Improved socio-economic status has a known association with nutritional status of 
pregnant women. Its role is linked to its ability to allow women to create a healthy 
environment for themselves and their family (Ravaoarisoa et al., 2018). Higher 
educational attainment increases knowledge about healthy antenatal and dietary 
practices (Ravaoarisoa et al., 2018). Economic disparities, on the other hand, affect 
the nutritional status of pregnant women, as low economic status limits nutrition and 
food choices (Chhoun et al., 2016; Mtumwa, Paul, & Vuai, 2016; Nguyen et al., 
2017; Ravaoarisoa et al., 2018). As wealth increases, the level of undernutrition 
among women decreases (Chhoun et al., 2016; Hong & Mishra, 2006). A large 
survey in Ethiopia found an association between improved economic status and an 
increased consumption of diversified diets among rural and urban households, as 
well as a higher consumption of ASF (Workicho et al., 2016). Therefore, empowering 
women by improving their educational status and income earning can have a 
positive impact on their nutritional status. The present study showed that young 
women with their first pregnancy were better off in terms of the risk to be anemic. 
Studies indicated that maternal hemoglobin level decreases with parity (Ugwuja, et 
al., 2015). Which reaffirms depletion of essential nutrients associated with increasing 
parity. In young multiparous women, the interpregnancy interval may not be long 
enough for the mothers to replace lost blood and nutrients leading the mothers for 
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The role of hygiene and sanitation in determining maternal nutritional status has 
been documented in previous studies (World Health Organization, 2015). The higher 
risk of malnutrition among pregnant women using unprotected drinking water and an 
unimproved type of toilet in the present study highlights the importance of hygiene 
and sanitation during pregnancy. Poor hygiene and sanitation increases the risk of 
infections including intestinal parasites and diarrheal diseases (Speich, et al., 2016; 
Strunz et al., 2014; World Health Organization, 2015), causing disturbances in the 
digestive system which hinder the absorption of essential nutrients, directly resulting 
in undernutrition. Therefore, improving hygiene and sanitation is one of the most 
important interventions to combat maternal and child malnutrition in settings where 
maternal undernutrition is high (Bhutta, Ahmed, Black, Cousens, Dewey, Giugliani, 
Haider, Kirkwood, Morris, & Sachdev, 2008; World Health Organization, 2015).  
 
This study also revealed that poor physical and psychosocial health during 
pregnancy negatively affected the nutritional status of the young pregnant women. 
The presence of these conditions during pregnancy increases the risk of 
undernutrition through affecting dietary intake and absorption of nutrients (E. D. 
Barker, Kirkham, Ng, & Jensen, 2013; Hurley, Caulfield, Sacco, Costigan, & Dipietro, 
2005; P. H. Nguyen et al., 2017; Pheak Chhoun et al., 2016; Teegarden & Bale, 
2008). Malaria, tuberculosis, diarrheal diseases, and other infections highly impact 
nutritional status of pregnant women in impoverished settings (Papathakis & Rollins, 
2005; Strunz et al., 2014; Unger, Ashorn, Cates, Dewey, & Rogerson, 2016; World 
Health Organization, 2015). These disease processes increase energy expenditure 
and protein catabolism, draining nutritional reserves (Unger et al., 2016). Similarly, 
depression during pregnancy may also result in maternal undernutrition through 
engagement in unhealthy behavioral and antenatal practices such as unhealthy 
eating patterns (E. D. Barker et al., 2013; Teegarden & Bale, 2008). In many LMICs, 
interventions targeted to protect pregnant women from infectious diseases and 
macro and micronutrient undernutrition remain less integrated. Considering the 
interaction between these infectious diseases and maternal nutrition through an 
integrated approach will help substantially address the burden of maternal nutritional 
problems.   
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This study has shown that pregnant women consuming a diversified diet and animal 
source foods were at a lesser risk of undernutrition and anemia. A more diversified 
diet is associated with adequate levels of calories, fat, protein and micronutrients, 
satisfying nutritional requirements and preventing undernutrition among the women 
(Hoddinott & Yohannes, 2002; National Academy of Science, 1991). In the present 
study, consumption of fruits, vegetables, and ASF is found to be much higher among 
pregnant women with higher MDDW than their counterparts. These food groups are 
known for their rich nutrients, contributing to improving nutritional status in the 
women. Unfortunately, there are a lot of social, economic and cultural barriers to 
consuming ASF in LMICs, especially during pregnancy (Joel Gittelsohn & Amy E. 
Vastine, 2003). Despite these barriers, consumption even in relatively small amounts 
can provide important protein and essential micronutrients which are needed in 
larger amounts during pregnancy (Darapheak, Takano, Kizuki, Nakamura, & Seino, 
2013b; Joel Gittelsohn & Amy E. Vastine, 2003; Speedy, 2003b). Programs working 
to promote maternal nutrition should consider promoting the consumption of ASFs. 
This could be done through direct messaging to increase awareness of the 
importance of ASF and/or through agricultural interventions that increase the 
availability and accessibility of ASF. Given the rising concern of the association 
between livestock production and climate change, as presented by a recent report 
from FAO (Gerber & Food and Agriculture Organization of the United Nations, 2013), 
recommendations on ASF consumption has to also be geared in a way it takes in to 
account this potential negative effects. To this end, consumption of locally available 
sustainable diets like legumes which can also be sources of proteins should be 
encouraged.   
In resource-poor settings, MUAC is a useful indicator to identify undernutrition when 
weight and height measurements are not feasible. As with children, its assessment 
in pregnant women is also simple and can offer an advantage in identifying women 
at a higher risk of adverse birth outcomes. Despite a wide range of evidence 
indicating the association between lower MUAC and adverse health and birth 
outcomes among pregnant women, there has not been an established cutoff for 
identifying pregnant women who are undernourished. A recent review suggested a  
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cutoff of 23 cm could have a higher specificity to identify pregnant women who are at 
risk of having a low birthweight (Tang et al., 2016), although it is at the expense of its 
sensitivity. Since the cutoffs have various degrees of sensitivity and specificity, 
identifying an optimal MUAC cutoff is a complex task. It depends on the availability of 
resources for an intervention, the effectiveness of different interventions and the 
degree of expected improvement in the health outcomes. It was suggested that 
countries and programs need to conduct a cost-benefit analysis before adopting any 
specific cutoff.  We used the Food and Agriculture Organization (FAO) classification 
of food groups for generating MDDW (FAO and FHI 360, 2016). We found out that 
women with higher MDDW had better consumption of fruits, vegetables, and ASF, 
which are sources of micronutrients implying the link between diversified diet 
consumption and improved maternal nutritional status. Our findings also 
substantiated this fact in that those with higher diet diversity and ASF consumption 
had better MUAC and lower risk of anemia. 
 
4.5.1 Implication 
Maternal undernutrition, before and during pregnancy, is prevalent in many sub-
Saharan countries. It is a major public health concern due to its association with 
mortality and overall disease burden for mothers and their children (Black, Allen, 
Bhutta, Caulfield, De Onis, et al., 2008). It is also documented that micronutrient 
deficiencies during pregnancy result in severe consequences. Anemia during 
pregnancy, mainly due to iron deficiency, is one important indicator of maternal 
malnutrition. Its presence at any level increases the risk of obstetric complications 
and diminishes productivity (Black, Allen, Bhutta, Caulfield, De Onis, et al., 2008; 
The Manoff Group, 2011). Younger pregnancies are at a greater risk of these 
adverse health consequences due to competitions for nutrients with their fetus, and 
the risk of anemia is much higher as evidenced in the present study. These findings 
demonstrate the need for improving access to WASH to decrease the level of 
undernutrition, especially among the very poor and vulnerable rural communities. 
Although notable efforts have been made in improving access to WASH in Ethiopia 
(Save the Children/Ethiopia ENGINE Project, 2014), and in decreasing the level of  
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undernutrition (Government of the Federal Democratic Republic of Ethiopia, 2013), 
the findings indicate that there remains significant work to be done.  
 
We can also learn from the findings that the promotion of optimal dietary practices 
during pregnancy through dietary diversification and consumption of ASF would 
positively affect the nutritional status of women. Indeed, the revised national nutrition 
program in Ethiopia emphasized the promotion of diversified diets as one of the 
strategies for improving maternal and child undernutrition (Government of the 
Federal Democratic Republic of Ethiopia, 2013).  For this to be effective, it is 
imperative to work on economic and educational empowerment of women. 
Recommendations on optimal maternal nutrition behaviors and practices have been 
promoted in LMICs, although they are not yet as well established as the guidelines 
for infant and young child nutrition (Huffman et al., 2001). The lesser attention to 
maternal nutrition may in part reflect a focus on mortality reduction rather than on 
growth . On the other hand, the complexity of the intergenerational aspects of 
maternal nutrition may also confound the design of interventions. Understanding the 
important determinants of nutritional status of pregnant women in LMICs, which are 
for the most part grouped under socio-economic, health and dietary exposures, has 
paramount importance in designing interventions and guidelines for the promotion of 
optimal maternal nutrition practices. In this regard, we believe that findings from the 
present study have identified important exposures, which need to be targeted in 
policies and programs working towards the improvement of nutritional status of 
pregnant women in these settings. 
 
This study included a relatively large sample size and explored a range of 
determinants based on the predefined conceptual framework. The analysis approach 
we used also helps us understand which set of determinants explain the majority of 
the variation in both of the outcomes studied so specific recommendations could be 
made on planning interventions to improve maternal nutritional status. However, the 
findings of this study should be interpreted with the following limitations in mind. 
First, we were not able to adjust the anemia status of the women by presence of 
inflammation, which could underestimate the burden of the problem. Second, we  
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relied on diet diversity, which is a proxy measure to estimate micronutrient adequacy 
of the women, due to lack of quantitative data. Maternal height was also measured 
during pregnancy, which could be affected by the body curvature due to the 
pregnancy. 
 
Conclusions: Findings from the study indicated that the burden of undernutrition is 
still high among pregnant women in Ethiopia. We also demonstrated that improved 
socioeconomic status and dietary practices decrease the risk of undernutrition 
among pregnant women. On the other hand, young maternal age and poor health 
and environmental conditions were important risk factors for maternal undernutrition 
during pregnancy. The findings highlight that a significant proportion of the burden of 
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5.1 Abstract 
Background: Young maternal age during pregnancy is linked with adverse newborn 
birth outcomes. Various studies attributed this association to other maternal and 
environmental exposures. The objective of this study is to examine the meditational 
role of maternal nutritional status in the association between maternal age and small 
for gestational age (SGA) delivery and birth length. 
 
Methods: This study used data from a birth cohort study in Ethiopia, by involving 
women who were 15-24 years of age and their newborns in the analysis. A 
mediation analysis was fitted in a sample of (n=1,422) mother infant dyad with data 
on birth length available and (n=777) dyad for whom gestational age and birth weight 
was available. We used commands, medeff for the mediation analysis and medsens 
for sensitivity analysis in STATA 14.  
Results: Maternal nutritional status, measured by MUAC, mediated 21% of the 
association between maternal age and birth length and 14% of the association 
between maternal age and SGA delivery. The average direct effect (ADE) of 
maternal age on birth length was (β=0.45, 95 % CI: 0.17, 0.99) and the average 
causal mediated effect (ACME) was (β=0.12, 95% CI: 0.02, 0.15). The analysis also 
produced an ADE of maternal age (β=0.31, 95% CI: 0.09, 0.47) on SGA and an 
ACM of (β=0.05, 95% CI: 0.003, 0.205). The sensitivity analysis suggests an 
unmeasured confounder with a positive correlation of 0.15 and 0.20 between the 
mediator and the outcome could explain the observed ACME for birth length and 
SGA respectively. 
Conclusion: Maternal nutritional status partly mediated the association between 
maternal age and SGA and birth length. The sensitivity analysis for both outcomes 
suggested that any unmeasured confounder with a fairly weak correlation between 
the outcomes and the mediator can explain the observed results. 
 
Key words: adolescent pregnancy, birth outcome, birth length, SGA, maternal age 
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5.2 Introduction 
Young maternal age during pregnancy is commonly linked with adverse maternal 
and child health outcomes (Borja & Adair, 2003b; de Vienne et al., 2009b; 
Paranjothy et al., 2009a; Restrepo-Méndez et al., 2011b; Sharma et al., 2008). An 
estimated 16 million adolescent women contribute to about 11% of all births 
worldwide. Of this, more than 95% occur in developing countries where early child 
marriage is a common practice(WHO, 2005b). Adolescents and young people age 
10-24 constitute up to 30% of the total population in Ethiopia. Although there are 
variations by area of residence, education and region, the median age of marriage 
for women is 16.1 years, and for majority of them marriage drives their sexual debut 
then child birth. Once a girl is married, there are high expectations for her to bear a 
child soon after marriage(Federal Ministry Of Health, 2015). A report from the 2011 
Ethiopian Demographic and Health Survey (EDHS) indicated that 12% of adolescent 
girls aged 15-19 were already mothers or pregnant of their first child(Central 
Statistical Authority, 2012). 
 
Early maternal age during pregnancy is linked to intrauterine growth retardation, low 
birthweight, preterm birth, child mortality, childhood stunting and maternal 
anemia(Gibbs et al., 2012b). Several studies have attributed these associations to 
maternal socio demographic, nutritional and psychosocial factors. (Gibbs et al., 
2012b; Markovitz et al., 2005b). Low economic status and suboptimal antenatal care 
are certainly more common in younger women compared to older ones. (DuPlessis 
et al., 1997; Markovitz et al., 2005b). Younger women are also less likely to go to 
school leaving them dependent on a minimum income to support their family. Energy 
intake is a particular concern during pregnancy due to its association with maternal 
weight gain and hence proper growth of the mother and meet higher nutrient 
demands of the mother. As adolescence is a period of significant growth (Chulani & 
Gordon, 2014; DuPlessis et al., 1997), continued growth during pregnancy could 
hence result in competition between the mother and fetus for important nutrients. 
Interference with fetal growth could increase the risk of adverse birth outcomes (Abu-
Saad & Fraser, 2010b; Leary, 2005). Both animal and human studies indicated that  
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maternal undernutrition will compromise fetal share of nutrients restricting its growth. 
Under extreme circumstances, maternal body can protect its body stores of nutrients 
from fetal parasitism affecting optimal fetal growth . Where chronic maternal 
malnutrition is prevalent, the consequences of this competition are even more 
detrimental both to the mother and the fetus perpetuating malnutrition through 
generations (United Nations, 1993). 
 
Studies indicated associations between young maternal age and adverse newborn 
birth outcomes after adjusting for various covariates(Borja & Adair, 2003a; DuPlessis 
et al., 1997; Restrepo-Méndez et al., 2011b).Other findings inform that these 
associations are due to poor maternal health and nutritional status(Borja & Adair, 
2003a; C. H. Fall et al., 2015; Gomez & Santolaya, 2005; Miller et al., 2016; 
Srinivasan et al.,2011). There however is considerable gap in knowing to what extent 
these associations are mediated through important exposures like maternal 
nutritional status during pregnancy. Most of the studies considered all of the 
exposures as confounders and didn’t examine the pathways through any of the 
covariates that maternal age would operate to result in adverse birth outcomes. Thus 
we aimed to examine the role of maternal nutritional status in the association 
between maternal age and adverse newborn birth outcomes. We hypothesised that 
the association between maternal age and birth length and small for gestational age 




5.3.1 Study setting, design and sample 
Data used for this study were obtained from the Empowering New Generation in 
Nutrition and Economic opportunities(ENGINE) birth cohort study, which was 
conducted from January 2014 to March 2016 in the Oromia region of Ethiopia. 
Oromia region was selected purposively being the largest region in the country 
targeted by ENGINE. The three districts, namely Goma, Woliso and Tiro Afeta were 
further selected from the region based on (i) an expected population of more than  
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3,000 pregnant women so that we can account for loss to follow up, (ii) geographical 
similarities in agro-ecology and agricultural production practices and (iii) proximity 
and accessibility. Trained data collectors who were nurses by profession, conducted 
a house-to-house active surveillance to recruit the study participants with support 
from the kebele health extension workers. Upon identification, pregnant women who 
were at their second and third trimester were invited to enroll in the study after 
receiving informed consent and were followed until delivery. A total of 1,422  
pregnant women who were 15-24 years old and for whom birth length of the 
newborns was measured and 777 with data on gestational age and birthweight of 
their infants were measured within 72 hours were included in the present study. 
5.3.2 Measurements 
Socio-economic and demographic data were collected using a structured, pre-tested, 
interviewer administered questionnaire using Android tablet computer at recruitment. 
And anthropometric measurements were subsequently measured during the follow 
up time and within 72 hours after delivery. The main exposure in this study was 
maternal age during pregnancy. For majority of the newborns (93.6%) in the sample, 
anthropometric measurements were taken within 48 hours and the remaining 
proportion were measured in the third day. Length of the infant was measured in a 
recumbent position to the nearest 1 mm using a length board (Weigh and Measure 
LCC, USA) and unclothed birthweight was measured to the nearest 10 g using a 
digital weighing scale (SECA 876, Hannover, Germany). Mid upper arm 
circumference (MUAC) of the women was measured on the left arm using mid-way 
between the olecranon and acromion processes using a non-elastic MUAC tape 
(SECA 201, Germany)(Cogill, Bruce, 2003). A wealth index was constructed using 
the principal components analysis based on information on housing conditions, 
ownership of assets and availability of basic services (Filmer & Pritchett, 2001). 
 
5.3.3 Conceptual model and variables 
In the current analysis, the variable considered to mediate the association between 
maternal age during pregnancy and birth length and SGA delivery is maternal 
nutritional status measured by maternal MUAC during pregnancy. The outcome  
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variables were newborn length at birth measured in centimeters as a continuous 
outcome and SGA as a binary outcome. SGA was defined as gestational age 
specific birthweight lower than the 10th percentile in the WHO standard population 
(Kiserud et al., 2017). According to the potential outcome framework for a causal 
mediation analysis (Imai, Keele, & Tingley, 2010; VanderWeele, 2016), a simple 
mediation model can be presented as a mediator M (maternal MUAC) in the pathway 
between exposure A (maternal age) and outcome Y(birth length and SGA), 
covariates C and unmeasured mediator-outcome confounder L (Figure 5.1). 
According to this approach, in order to properly identify average causal mediated 
effect (ACME) and average direct effect (ADE) of an exposure, the assumption of 
sequential ignorability (SI) must be met (Imai, Keele, & Yamamoto, 2010; 
VanderWeele, 2016). This assumption states that, first the main exposure is 
assumed to be unrelated to potential unmeasured confounders. Next, the observed 
mediator is assumed to be unrelated to potential unmeasured confounders after the 
actual exposure and pre-exposure confounders are taken in to account. 
 
Since this assumption cannot be verified from the data by a statistical test, we 
conducted sensitivity analysis to examine the violation of this assumption 
(VanderWeele, 2016). Temporal relations between the mediator and the outcomes in 
this study has also been assured by measuring the mediator and the outcome at 
different time points of the study during the follow up, the mediator preceding the 
outcome. The ACME will enable us to understand the relationship between the 
exposure and the outcomes via the mediator. The ADE expresses the direct effect of 
maternal age on birth length or SGA while maternal nutritional status not mediating. 
It may indicate all other mechanisms through which maternal age operates to cause 
the outcomes (Hicks & Tingley, 2011; VanderWeele, 2016). 
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Figure 5.1: Conceptual model for the mediation analysis with exposure A (maternal 
age), mediator M (maternal MUAC), outcome Y (birth length and SGA), covariate C 
and mediator-outcome confounder (unmeasured) L which itself can be affected by 
the exposure. 
 
5.3.4 Statistical analysis 
Exploratory analysis was performed to verify any missing values, outliers and 
normality before doing the main analysis. Descriptive data were reported as 
frequencies, percentages, mean and standard deviations (SD). The difference in 
maternal characteristics by the two outcomes, SGA and newborn birth length, were 
tested by chi-square and t-tests respectively. In a preliminary analysis, to test the 
association between the exposure, mediator and outcomes,  logistic regression for 
SGA and linear regression for newborn birth length were fitted adjusting for 
confounders. The results indicated that there are statistically significant associations 
(p<0.05) between them. Then, in order to decompose the total effect of maternal age 
on the outcomes in to direct and mediated effects, we conducted a mediation 
analysis. The method of potential outcome framework, as implemented in STATA 14 
(StataCorp, Texas, USA), was used to estimate ACME and ADE. We used the Stata 
command medeff for the mediation analysis. Due to the strong assumption of 
sequential ignorability, we used the medsens command to conduct sensitivity 
analysis to explore violation of the assumption due to the presence of unmeasured 
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The results of the sensitivity analysis were presented as the correlation between the 
error terms of the regression models for the mediator and outcome and also the 
product of coefficient of determination of the two models. We specified linear 
regression for the continuous outcome (birth length) and a logistic regression for the 
binary outcome (SGA). Interaction between the exposure and the mediator was 
examined priori and the interaction term was not significant with both SGA (p=0.60) 
and birth length (p=0.41) and was omitted from the regression models in the 
mediation analysis. The Confidence intervals (CI) were computed using a bootstrap 
estimation approach with 1000 replications. All the analysis was controlled for wealth 
score, maternal education, sex of the newborn and parity for their potential 
confounding role. Both the main exposure and the mediator were entered in the 
model as continuous variables. The estimates are presented with their bias-
corrected 95% CI. All tests were two sided and statistical significance was declared 
at p<0.05 in all the tests. 
 
5.4  Results 
The mean (SD) age of the women was 20 years (±2 years)with a mean MUAC of 23 
cm (±1.9). Mean birth length of the infants was 49.5 cm (± 2.24 cm) and 173(22.3%) 
were delivered small for their gestational age. Differences in the outcomes by 
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Table 5.1: Description of SGA and Mean Birth Length by Maternal and Child 
Characteristics 
 
$Small for Gestational Age, SD=standard deviation, frequency, MUAC=Mid Upper 
Arm Circumference, *statistically significant difference among groups at p<0.05 
 
Mediation analysis of linear models for both the mediator and outcome (birth length) 
produced an ADE of maternal age  (β=0.45, 95 % CI: 0.17, 0.99) and ACME of 
(β=0.12, 95% CI: 0.02, 0.15). The estimate of ACME indicated that the effect of 
maternal age mediated through a change in maternal MUAC resulted in an 
increased birth length by 0.12 points. The total effect of increased maternal age, on 
average, increased birth length by 0.57 point. The proportion of  the total effect of 

















49.29(2.19) 0.381 61( 24.3) 190(75.7)        0.635 
Primary 49.52(2.25) 96(21.2) 357 (78.8)       
Secondary 
and above 
49.76(2.28) 16(21.9) 57(78.1)          
Parity  Primi para 49.03(2.21) 0.013* 88(27.3) 234(72.7)        0.004* 
Multi para  49.64(2.24) 85(18.7) 370(81.3)        
Wealth 
index 
Lowest 48.99(2.30) 0.002*  75(27.6)    197(72.4) 0.033* 
Middle 49.37(2.17) 43(19.6)     177(80.4) 
Highest 50.10(2.09) 55(19.3) 230(80.7)        
Sex of child Male 49.93(2.25) 0.023*  80(21.3) 295(78.7) 0.547 
Female  49.11(2.21) 93(23.1) 309(76.9)        
Maternal 
age in years 
Mean (SD) 48.6 ( 2.24) 0.014* 19 (2.1) 21 (2.1) 0.026* 
MUAC Mean (SD)  0.045* 22.5 (1.9)   23.4 (1.9) 0.037* 
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A sensitivity analysis of the results informed that the assumption of sequential 
ignorability can be violated (ACME ≠ 0) in the presence of a positive correlation of 
0.15 between the two error terms for the regression models fitted for maternal MUAC 
and birth length (Figure 5.2). Alternatively, the result indicated that an unmeasured 
confounder must explain 10% of the remaining variance in the mediator and 11% of 
the remaining variance in the outcome in order for the ACME to be 0 (Table 4).  
 
Table 5.2: Estimates of the mediation analysis with bias-corrected bootstrap 
confidence intervals for birth length 
MUAC= mid upper arm circumference, ADE= average direct effect, ACME= average 
causal mediated effect. The model was adjusted for maternal education, wealth 
index, parity and infant sex 
 
Mediation analysis of the relation between maternal age and SGA delivery through 
maternal MUAC produced an ADE  of (β=0.31, 95% CI: 0.09, 0.47) and ACME of 
(β=0.05, 95% CI: 0.003, 0.205). The result also indicated that maternal nutritional 
status mediated 14% of the total effect of maternal age on SGA delivery (Table 5.2). 
The result of the sensitivity analysis indicated that the assumption of sequential 
ignorability could be violated in the presence of a positive correlation of 0.20 
between the two error terms for the regression models fitted for maternal MUAC and 
SGA (Figure 5.2).  
 
The product of R2 method also informed us that 21% of the remaining variance in the 
mediator and 19% in the outcome must be explained by the unmeasured 




Outcome  Mediator  Total effect  
(β, 95% CI) 
ADE 
(β, 95% CI) 
ACME  
(β, 95% CI) 
% 
mediated  
Birth length MUAC 0.58(0.29,0.94) 0.45(0.17, 0.99) 0.12(0.02,0.15) 21(16, 28) 
SGA MUAC 0.31(0.09,0.47) 0.27(0.08, 0.44) 0.05(0.003,0.20) 14 
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Table 5.3: Results of the sensitivity analysis with the products of R2 method for both 










Sensitivity results  Outcomes 
Birth length  SGA delivery  
Rho at which ACME = 0 0.1492 0.200 
R^2_M*R^2_Y* at which ACME = 0: 0.0119 0.040 
R^2_M~R^2_Y~ at which ACME = 0: 0.0106 0.031 
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5.5 Discussion 
The preliminary analysis in the present study indicated that increased maternal age 
is associated with reduced odds of SGA delivery and increased newborn birth length 
as evidenced in previous researches (DuPlessis et al., 1997; Finlay, Ozaltin et al., 
2011b; Ganchimeg et al., 2014b; Gibbs et al., 2012b). The mediation analysis has 
also identified that these associations were partly mediated through maternal 
nutritional status during pregnancy. Maternal nutritional status during pregnancy 
explained 21% and 14% of the total effect of maternal age on birth length and SGA 
delivery respectively.  
 
Nutritional status of young women could be deprived due to multitude of  factors, 
endangering healthy development of the fetus. Younger women, due to suboptimal 
nutritional practices and poor environmental exposures are prone to 
undernourishment during their pregnancy(Haas et al., 2005; Markovitz et al., 2005b). 
Moreover, pregnancy during adolescence, when nutritional demands are higher due 
to both the pregnancy and continued physical growth of the women, negatively 
affects birth outcomes. Chronic and acute forms of malnutrition among pregnant 
women are common in Ethiopia affecting maternal nutritional needs during 
pregnancy. Its presence in late gestation is strongly associated with placental and 
fetal weights (Bhutta et al., 2017a) resulting in deleterious consequences on fetal 
growth and development and also postnatal infant growth (Abu-Saad & Fraser, 
2010b; Chulani & Gordon, 2014; Leary, 2005).The fact that these young mothers 
were malnourished during pregnancy apparently has increased the risk of adverse 
birth outcomes among their newborns. It is evident that children from undernourished 
adolescent mothers set off on a weaker developmental path due to its direct linkage 
with intrauterine growth retardation (IUGR), which results in low birth weight, pre-
maturity, and low nutrient stores in infants (Fekadu Beyene, 2013).Maternal 
malnutrition is one of the leading causes of maternal mortality and adverse birth 
outcome and is still a big challenge in most developing countries(Black, Victora, et 
al., 2013).  
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In populations where malnutrition is rampant, its consequences transcend beyond 
the time of delivery revealing its intergenerational effect. It will have long term health 
and developmental impacts among the children and also to the population as a 
whole(Black, Alderman, et al., 2013; Black, Victora, et al., 2013). Early and narrowly 
spaced pregnancies are among the causes triggering undernutrition in pregnant 
women in low and middle income countries (LMICs) increasing the risk of poor birth 
outcomes (King, 2003). Adolescent childbearing is a cross-cutting public policy topic 
which is closely associated also with multitude of social issues, including poverty, 
low economic status, health and mental health. Until recently, adolescent girl’s 
nutrition has not received due attention in many impoverished settings. In the face of 
the growing number of adolescent child bearing (Blum & United Nations Population 
Fund, 2015b), policies and interventions need to consider focusing beyond the first 
1000 days of life. It will be too late if nutritional needs of adolescents are not 
targeted, especially in settings where girls transition to their adolescence already 
malnourished.  
The national adolescent and youth health strategy of Ethiopia only focuses on 
addressing some of the social and reproductive health problems faced by adolescent 
girls(Federal Ministry Of Health, 2015).But in light of the findings from the present 
study, there is a need for far-reaching strategies to address nutritional needs of 
adolescent pregnancies along with other sexual and reproductive health 
interventions aimed at preventing early marriage and pregnancy. 
 
We applied an analysis approach which has strong assumptions in order to evaluate 
robustness of the results using relatively large sample. To the best of our knowledge, 
this is the first research work implementing a mediation analysis to understand the 
role of nutritional status in the relation between young maternal age during 
pregnancy and newborn birth outcomes in Ethiopia. As a limitation for this study, 
assessment of gestational age was based on maternal reporting of last normal 
menstrual period which might affect the estimation of SGA deliveries. A more reliable 
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5.6  Conclusion 
This study found that maternal nutritional status partly mediated the associations 
between maternal age and newborn birth length and SGA delivery. Albeit we cannot 
be able to make strong causal assertions, it is evident from the findings that the 
examined mediator partly explained the total effect of maternal age on both of the 
outcomes measured. However, the results need to be interpreted with caution as the 
sensitivity analysis suggested that any unmeasured confounder with a fairly weak 
correlation between the outcomes and the mediator can explain the observed 
results.The result also suggests that promotion of optimal nutritional status is 
important among young pregnancies in order to decrease adverse newborn birth 
outcomes.
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6.1 Abstract 
Background: Evidence indicates that the risk of linear growth faltering is higher 
among children born to young mothers. However, many of the evidences in low and 
middle income countries originate from data which are not designed to capture the 
growth trajectories of the same group of children. This study aimed to assess the 
association between young maternal age and linear growth of infants using data 
from a birth cohort study in Ethiopia. 
 
Methods: A total of 1,370 mother-infant pairs were followed for five time points, with 
three months interval until the infants were 12 months old. A team of data collectors 
including nurses collected data and anthropometric measurements from the dyads. 
We fitted linear mixed-effects model with random intercept and random slope to 
determine associations of young maternal age and linear growth of infants over the 
follow-up period after adjusting for potential confounders using STATA 14 software.  
 
Results: Overall, 27.2% of the mothers were adolescents (15-19 years) and the 
mean ±SD age of the mothers was 20±2 years. Infant Length for Age Z score (LAZ) 
at baseline was negatively associated with adolescent pregnancy (β=-0.27, 
P=0.032). However, young maternal age had no significant association with linear 
growth of the infants over the follow-up time (P=0.105). Linear growth of infants was 
associated positively with improved maternal education and iron-folate intake during 
pregnancy and negatively with infant illness (P<0.05). 
 
Conclusion: Maternal youth during pregnancy had a significant negative association 
with LAZ score of infants at baseline while its association over time was not 
influential on their linear growth. Infants from adolescent mothers did catch up in 
growth later in their infancy. The fact that maternal education and infant illness 
predict infant growth indicates an opportunity to develop comprehensive 
interventions targeting social and environmental factors for optimal infant growth.  
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6.2 Introduction 
Inadequate growth among infants is commonly expressed as a failure in linear 
growth with low length-for-age Z-score (LAZ) (Victora et al., 2010b). Failure to reach 
optimal growth potential is an important indicator of chronic under-nutrition (Fenske 
et al., 2013) and increases the risk of morbidity and mortality in infants (Bhuttaet al., 
2008; Black et al., 2008c; Black, et al., 2003; Caulfield et al., 2004; Victora et al., 
2010b). For many children, failure in linear growth sets on before birth due to poor 
maternal nutrition and continues deteriorating reaching a plateau approximately at 
the age of two years (Ulijaszek, 2006). Although it is hypothesized to result mainly 
from infant under nutrition, the deterioration is also determined by fetal 
developmental insults, infection and other environmental factors. Comprehensive 
approaches addressing vulnerable periods of the life course are required instead of 
interventions targeting solely infant-toddler nutrition in promoting optimal child growth 
in low-and middle-income countries (LMICs) (Bhutta et al., 2008; Victora et al., 
2010b).  
 
A growing body of evidence indicates that the risk of linear growth faltering and other 
adverse neonatal and infant health outcomes are higher among children born from 
young mothers due to socio-economic, behavioural and biological disadvantages (C. 
H. D. Fall et al., 2015b; Finlay et al., 2011c; Ganchimeg et al., 2014c; Gibbs et al., 
2012c). Poor maternal nutritional status during pregnancy, poor child caring 
practices, lower socio economic status (SES) and lower educational level are 
common among young mothers potentially affecting the growth and development of 
their infants negatively (Markovitz et al.,2005c; Paranjothy et al., 2009b). Child caring 
practices are affected as younger mothers are more likely breastfeed for a shorter 
period of time and are behaviourally immature to attend to child needs (LeGrand & 
Mbacké, 1993; Wambach & Cole, 2000). Younger mothers  are also more likely to 
hold lower educational level which could adversely affect their knowledge and child 
caring practices (Markovitz et al., 2005c). Young mothers in LMICs are also 
physically not well developed as they are still growing themselves. In some cases, 
their nutritional need can also be in competition with that of their infants 
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(N. Alam, 2000; Fenske et al., 2013; LeGrand & Mbacké, 1993) thus affecting 
intrauterine growth and birth weight and subsequently post natal infant growth.  
Deprivations can lead to a vicious cycle and result in intergenerational continuation 
of malnutrition (Holmboe-Ottesen et al., 1999).  
 
Existing reviews indicate a substantial gap of evidence in understanding the net 
effect of young maternal age on neonatal and infant nutritional outcomes (Borja & 
Adair, 2003a; de Vienne et al., 2009b; Finlay et al., 2011b; Gomez & Santolaya, 
2005).  Moreover, there is a paucity of evidence regarding the tracking of growth 
patterns of infants from young mothers in LMICs. Most findings originate from cross-
sectional data and demographic and health surveys which are not designed to 
capture the growth trajectories of the same group of children (Yu et al., 2016). We 
hypothesised young maternal age at birth is negatively associated with linear growth 
of their infants. We used data from a prospective birth cohort study, which followed 
the mother-infant pair for 12 months after birth to investigate the relationship 
between young maternal age and linear growth of infants. The results of this study 
are intended to inform policy and practice, with a focus on mitigating adverse 




6.3.1 Study setting and design 
Data used for this study were obtained from the Empowering New Generation in 
Nutrition and Economic opportunities(ENGINE) birth cohort study, which was 
conducted from January 2014 to March 2016 in the Oromia Region of Ethiopia. The 
region was selected purposively being the largest in the country targeted by ENGINE 
with relatively high rates of stunting. Three districts, namely Goma, Woliso and Tiro 
Afeta, were further selected based on (i) an expected population of more than 3,000 
pregnant women to account for loss to follow up, (ii) geographical similarities in agro-
ecology and agricultural production practices and (iii) proximity and accessibility. 
Administratively, each district was further divided into units called kebeles and all  
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recruitment took place at the kebele level. All mothers (n=1,423) in the age group 15-
24 years whose infants length were measured at birth were eligible for this study. 
The mother-infant pair was followed for 12 months after delivery.  
6.3.2 Measurements 
A team of trained data collectors including nurses followed the pair during the study 
period. There were five time points, each three months apart, at which 
measurements were taken. Data on household characteristics, socio-economic and 
demographic information, antenatal exposures and dietary information were 
collected using a structured, pre-tested, interviewer-administered questionnaire 
using Android tablet computer at recruitment.  
 
Infant length was measured in a recumbent position to the nearest 0.1 cm using a 
length board (Weigh and Measure LCC, USA) and birth weight was measured to the 
nearest 10 g using a digital weighing scale (SECA 876, Hannover, Germany) with 
cloths removed. Low birth weight was defined as birth weight <2500 grams. Maternal 
height was measured using a stadiometer (Weigh and Measure LCC, USA) to the 
nearest 0.1 cm with no shoes on and with the five points touching the vertical stand 
of the stadiometer. Mid upper arm circumference (MUAC) of the mothers was 
measured on the left arm; mid-way between the olecranon and acromion processes 
using a non-elastic MUAC tape (SECA 201, Germany) (Cogill, Bruce, 2003).  
 
Minimum dietary diversity for women (MDDW) was constructed based on data from 
a 24-hours qualitative dietary recall interview according to the standard guidelines 
(FAO and FHI 360, 2016). Mothers with MDDW ≥5 food groups were categorized as 
having a diet with higher micronutrient adequacy. A wealth index variable was 
constructed using principal components analysis based on data on housing 
conditions, ownership of durable assets and availability of basic services (Filmer & 
Pritchett, 2001). A cutoff of below 23 cm MUAC was used to identify acutely 
malnourished mothers (Tang, Alice M., et al., 2013). Maternal depression was 
assessed using Patient Health Questionnaire (PHQ9). The possible score ranged 
from 0-25 and mothers were grouped as having no depression when the score was ≤  
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4 and the rest ranging from mild to severe depression were grouped as having 
depression (Kroenke, 2012). The outcome variable LAZ was generated using the 
WHO standards (WHO Multicentre Growth Reference Study Group, 2006) over time, 
as a continuous variable.  
 
6.3.3 Statistical analysis 
We used linear mixed-effects model with random intercept child and random slope 
time to fit child linear growth curve (change in LAZ) over the study follow-up period. 
Fixed-effects in the model included baseline LAZ, maternal age, time of study follow-
up, a quadratic term of time and the interaction term between maternal age and time 
that compares maternal age categories on the evolution of child LAZ (linear growth) 
over time. A quadratic term of time was considered in the model to capture the 
nonlinear change in the growth curve. The use of other possible models using 
polynomial and spline functions of time were also considered for a better fitting 
model by comparing the AIC and BIC estimates of model performance. An 
unstructured correlation matrix was chosen for the correlation among repeated LAZ 
measurements per child after comparison of models using other correlation matrices. 
We considered the use of additional covariates of child growth to maternal age 
including maternal education, wealth index, family size, parity, maternal height at 
birth, maternal MUAC, antenatal depression, child feeding index, infant illness and 
birth weight. Model building was performed through several steps and the selection 
of important covariates in the final model was decided based on results of the 
regression outputs and consideration of the literature. We also assessed for effect 
modification by checking the interactions between the different covariates on child 
LAZ whenever found to be relevant. We performed different regression diagnostics 
assessing models goodness of fit (normality and heteroscedasticity of the residuals 
at different levels), model specification and other numerical problems like 
multicollinearity, and the sensitivity of the findings to potential influential observation. 
All the analysis was performed using STATA version 14 (StataCorp, Texas, USA) 
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6.4 Results 
A total of 1,370 infants with at least one follow up measurement to the baseline were 
included in the analysis. Length was measured in all five rounds for 1,184 (84%) of 
the infants with average number of measurements per child of 4.6. Figure 1 shows 
the follow up of study participants throughout the study period. Half (50.5%) of the 
infants were males. The level of maternal education and family size were 
significantly different by maternal age (p<0.001). The results of the descriptive 
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Figure 6.1. Flow diagram of  follow up of study participants  
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Table 6.1: Distribution of study variables by maternal age at delivery  
Variables Maternal age in years  
15-19 (n=387) 20-24 (n=1,036) p-value 
Maternal education    
<0.001* no formal education 86 (22.2) 372 (35.9) 
Primary 273 (70.5) 566 (54.6) 
secondary & above 28 (7.2) 98 (9.5) 
Primi parity  326 (84.2) 274 (26.4) <0.001*  
Family size, (≥5) 35 (9.0) 181 (17.5) <0.001* 
Wealth index    
0.60 Lowest 152 (39.3) 377 (36.4) 
Middle 109 (28.2) 304 (29.3) 
Highest 126 (32.6) 355 (34.3) 
iron-folic acid intake, (>90 days) 113 (29.2) 326 (31.5) 0.41 
MDDW, (>=5) 59 (15.2) 123 (11.9) 0.09 
Maternal MUAC,(<23cm) 162 (41.9) 436 (42.1) 0.94 
Maternal height, (<150cm) 23 (6.0) 79 (7.6) 0.28 
HFIAS, (food insecured) 225 (58.1) 629 (60.7) 0.38 
Antenatal depression 94 (24.3) 232 (22.4) 0.45 
Illness in previous 2 weeks 223 (57.6) 647 (62.5) 0.09 
low birth weight 23 (5.9) 42 (4.1) 0.13 
infant sex, (male) 187 (48.3) 517 (49.9) 0.60 
Mean(±SD) length (cm)    
 At birth 49.32(2.26) 49.53(2.21) 
3rd month 60.52(2.40) 60.87(2.62) 
6th month 65.54(2.68) 65.71(2.71) 
9th month 69.12(2.62) 68.92(2.69) 
12th month 72.22(2.53) 71.95(2.65) 
MDDW=Minimum Dietary Diversity for Women, HFIAS= Household Food Insecurity 
Access Scale, SD= Standard Deviation, *statistically significant difference at p<0.05 
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Figure 6.2 presents the linear growth curve of infants over the 12months follow-up 
period by maternal age category and adjusted for important covariates. Infants from 
adolescent mothers tend to have lower LAZ score compared to those born to 
mothers older than 20 years during the first 9 months of follow up. These infants do 
catch-up in their growth after 9 months of age, but the association of young maternal 
age with infant linear growth was not significant. On the other hand, both positive 
and negative associations were exhibited with some maternal and child 




Figure6.2. Linear growth of infants from Mothers of 20-24 years old (--------- ) and Mothers 
of 15-19 years (______). Plotted values for the difference from baseline of the repeated 
measurements are estimated from linear mixed-effects model using random intercept child 
and random slope time with fixed effects including time, quadratic time, maternal age group, 
and timeXmaternal age group interactions adjusted for important covariates. P-values are for 
group difference on monthly changes of LAZ score over time. β coefficient on monthly 
changes in LAZ was 0.05; P=0.105. 
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Figure6.3. linear growth of infants by maternal and infant characteristics: Linear growth and 
maternal educational status; no formal education (____), primary (---------) and secondary 
and above (— — —), linear growth and iron and folic acid intake; ≥90days (--------) and <90 
days (_____), linear growth and infant illness; No (____) and Yes (-------) and linear growth 
and maternal MUAC at baseline <23cm (-----) and ≥23cm (____). P-values are for group 
difference on monthly changes of LAZ score over time. β (95% CI) on monthly changes in 
LAZ were 0.34 (0.09, 0.55); P=0.007 for Maternal educational status of secondary and 
above, 0.16 (0.01, 0.30); P=0.026 for primary maternal educational status, 0.20 (0.02, 0.30); 
P=0.022 for iron-folic acid intake ,-0.20 (-0.30, -0.03); P=0.013 for infant illness and -0.01(-
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Table 6.2 shows that infant’s LAZ score was negatively associated with maternal age 
of 15-19 years at baseline (β=-0.28, P=0.032) after controlling for other covariates. 
However, young maternal age had no significant association with linear growth of the 
infants over the follow up time (P=0.105).  
 
Both primary (β=0.16, P=0.026) and secondary and above (β=0.34, P=0.007) level 
of maternal education were associated with increase in linear growth of the infants 
over the follow-up period. Similarly, maternal intake of iron folate supplements for 90 
days or more was also associated with an increase in LAZ score over time (β=0.20, 
P =0.022). Even though the middle and higher wealth tertiles had positive and 
significant associations with LAZ score at baseline, the growth of the infants over 
time did not vary significantly by these factors. On the contrary, infant illness during 
the follow up period was found to have a negative association with linear growth. 
Infants who had illness had a lower LAZ score (β=-0.20; P=0.013). Maternal height 
of <150 cm (β=-0.52, P<0.001), antenatal depression (β=-0.17, P=0.034) and low 
birth weight (β=-0.50, P=0.002) were negatively associated with LAZ score at base 
line. However, their association with infant growth over time was not significant 
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Table 6.2: Parameter estimates from linear mixed effects model predicting 
linear growth of infants  
Fixed effects (n=1,370) Estimate (β) SE P 
Intercept  1.50 0.146 <0.001 
Infant age (Time) 0.12 0.030 <0.001* 
Quadratic time effect (Time*Time) -0.01 0.002 <0.001* 
Maternal age (15-19 years) -0.28 0.128 0.032* 
Maternal age*Time  0.05 0.034 0.105 
Maternal age*Quadratic time -0.01 0.002 0.395 
LAZbaseline 0.37 0.029 <0.001* 
Primi parity*Time 0.02 0.008 0.035* 
Maternal education  
(ref=no formal education) 
   
Primary 0.16 0.007 0.827 
Primary*Time 0.16 0.007 0.026* 
≥Secondary 0.46 0.131 0.722 
≥Secondary*Time 0.34 0.001 0.007* 
Wealth index (ref=low)    
Middle 0.21 0.008 0.010* 
Middle*Time -0.05 0.008 0.485 
High 0.13 0.008 0.121 
High*Time 0.09 0.008 0.250 
Maternal MUAC (<23 cm) -0.02 0.069 0.682 
Maternal MUAC*Time -0.01 0.006 0.140 
Iron-folate supplement (≥90 days) -0.06 0.073 0.403 
Iron-folate*Time 0.20 0.007 0.022* 
Maternal height (< 150 cm) -0.52 0.134 <0.001* 
Maternal height*Time -0.01 0.013 0.696 
Antenatal depression (present) -0.17 0.080 0.034* 
Antenatal depression*Time 0.01 0.007 0.160 
Illness in 2 weeks (Yes) 0.05 0.070 0.411 
Illness in 2 weeks *Time -0.20 0.006 0.015* 
Low birth weight  -0.50 0.170 0.002* 
Low birth weight*Time 0.01 0.016 0.657 
Random effects 
Variance of random intercept  0.04 0.006  
Variance of random slope 0.88 0.062  
Covariance of random intercept and slope -0.03 0.005  
Variance of residuals  0.40 0.011  
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Restricted maximum likelihood estimation (REML) was used to estimate the parameters, 
Likelihood ratio test indicated random effects were statistically significant at p<0.05,  SE= 
standard error, *statistically significant at P<0.05 level 
 
6.5 Discussion 
The present study examined the association between young maternal age at delivery 
and linear growth of infants. LAZ score of infants was negatively associated with 
young maternal age at baseline while infant illness is negatively associated with 
infant linear growth during the 12 month follow-up period. On the other hand, linear 
growth of infants during the follow-up period was positively and significantly 
associated with improved maternal educational status, primi parity and iron folate 
supplementation during pregnancy. 
 
Studies of the effects of young maternal age on infant linear growth generally 
reported that the findings vary by context attributing relative roles of biological, 
socioeconomic and child care factors for the differences (Finlay et al., 2011c; Gibbs 
et al., 2012c; K. L. Kramer & Lancaster, 2010). In our analysis, we observed that 
LAZ score of infants of young mothers was lower compared to infants of older 
mothers at baseline. Nutritional and biological disadvantages are higher in young 
mothers, which interfere with the development of the fetus affecting fetal growth. 
Reports from the same cohort and other studies have demonstrated that young 
maternal age at delivery is associated with adverse birth outcomes, including 
childhood stunting, smaller birth length, small for gestational age and other adverse 
neonatal and infant health problems (Ganchimeg et al., 2014c; Lawlor et al., 2011; 
Yu et al., 2016).  
 
Unlike the association with the baseline LAZ, the interaction of young maternal age 
with time was not statistically significant.  Linear growth did not vary significantly by 
maternal age among the infants during the follow up period. Maternal youth, through 
its effect on nutritional, socio economic and behavioral factors could impair fetal 
development and hence impair linear growth of infants (Finlay et al., 2011c; K. L. 
Kramer & Lancaster, 2010; Lawlor et al., 2011). Although it is not a complete catch-
up, where trans-generational catch up is still required, these developmental insults  
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can be averted during early childhood if proper postnatal infant care is implemented 
for the infants to reach their potential (R Martorell et al., 1994; Van IJzendoorn & 
Juffer, 2006). In some cases young maternal age and infant growth is linked through 
epigenetic effects(Yu et al., 2016). At the same time however, socioeconomic and 
environmental differences affect optimal linear growth of infants. A large birth cohort 
study (Lawlor et al., 2011) indicated the role of socioeconomic inequalities rather 
than maternal youth per se to be important factors to gain greater population benefits 
while promoting for better health outcomes of children from young mothers. The 
mothers involved in the present study were not significantly different by most of their 
socio-economic and nutritional characteristics irrespective of their age. This buffers 
the association of maternal youth with infant growth. As a result, the linear growth 
will not be different among the groups to be explained by variations in maternal 
socio-economic and nutritional characteristics.  
 
Our analysis also revealed that improved maternal educational status was positively 
associated with linear growth of infants. The fact that optimal antenatal and child 
care practices are common among mothers with higher educational levels (Semba et 
al., 2008; Wachs, 2008) explains its positive link with better infant growth. On the 
other hand, illness of the infant during the follow-up period reduced the linear growth 
significantly. Environmental exposures leading to infections during early childhood 
pose a major threat to optimal childhood growth through disrupting child feeding and 
caring practices (Checkley et al., 2003). Similarly the effects of mother’s poor 
nutritional, SES and child caring practices are more prominent among adolescent 
pregnancies putting their infants at risk of infections (Finlay et al., 2011b; Gibbs et 
al., 2012b; Markovitz et al., 2005b). The biological mechanism (Gibbs et al., 2012c; 
Lawlor et al., 2011; Paranjothy et al., 2009b) by which, competing developmental 
process in these mothers could also have resulted in fetal developmental deficits 
which could later expose the infants for repeated infections.    
 
The results also demonstrated that infants from primi parents had a better linear 
growth than their counterparts. In a motherhood that occurs during young age,  
increased number of children (increased parity) is reported to affect nutritional status 
of the mother (Ugwuja et al., 2015). The  nutritional reserves in the maternal body 
 
101 | P a g e  
 
101 Chapter 6: Young maternal age and infant growth 
will be depleted in subsequent pregnancies, especially with a short interpregnancy 
interval which is mostly the case in multiparous young pregnancies. This translates 
into affecting growth of subsequently born children. Furthermore, optimal child care 
will be compromised with increased number of children for the young mother to take 
care of affecting their nutritional status.  
 
Child undernutrition takes significant share in causing deaths among under five 
children worldwide (Black et al., 2008c; Wondimagegn, 2014) and poses serious 
health, social and economic threats throughout the life course (Dewey & Begum, 
2011). Studies reported that stunting during early childhood is linked to impaired 
cognitive development, poor school achievement and decreased economic 
productivity in later life (Dewey & Begum, 2011). Women who are stunted are also 
likely to face adverse reproductive and maternal outcomes  (Ramakrishnan et al., 
1999)  continuing undernutrition through generations. About 90% of stunted children 
live in 36 African and Asian countries (Wondimagegn, 2014). On the same note, 
child malnutrition is a persistent challenge in Ethiopia. Though stunting has 
decreased over time, 40% of under-five children yet remain stunted (Central 
Statistical Agency, 2014) causing severe social and economic costs. According to 
one report, the total losses associated with child undernutrition were estimated to be 
equivalent with 16.5% of the GDP (World Food Programme (WFP), 2013).  
 
Some initiatives and actions under the National Nutrition Program (NNP) have been 
rolled out widely and improved the nutritional status of infants, youth and children 
under five. Yet, low rates of implementation to improve nutritional status of women 
and adolescents have been reported (Compact2025 team, 2016). Child bearing 
starts at early ages among Ethiopian women with 12% of adolescent girls being 
pregnant or gave birth to their first child already (Central Statistical Agency Addis 
Ababa, Ethiopia ICF International Calverton, Maryland, USA, 2012). In such settings, 
implementing interventions targeting adolescent girls widely helps to break the 
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longitudinal data with a relatively large sample size to show the association of young 
maternal age with linear growth of infants. However, given there is a substantial 
interregional variation in stunting in Ethiopia and the study is done in only 3 districts, 
the findings of the study could not be generalizable to the whole country. 
 
6.6  Conclusion 
We observed that maternal youth at birth had a significant negative  association with 
LAZ score of infants at baseline while its association over time was not influential on 
the linear growth of infants. Furthermore, linear growth faltering was negatively 
associated with infant illness while improved maternal education and iron folate 
supplementation had positively impacted linear growth of the infants. The fact that 
maternal youth per se did not affect linear growth of the infants overtime  leaves an 
opportunity to develop comprehensive interventions targeting socio-economic, 
nutritional and environmental inequalities among mothers of all ages for the infants 
to attain optimal catch up growth. In the face of limited evidence from large and 
longitudinal data, findings from this study will help inform decision makers and 
programmers to design tailored interventions targeting the driving factors of linear 
growth faltering during early childhood. 
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7.1  Introduction 
There has been a progress over the past 60 years in curbing births from adolescent 
girls. But still in the poorest settings of the world, births from adolescent women are 
four times higher than in the high income countries (Blum & United Nations 
Population Fund, 2015b; UNDESA, 2015). In these settings, conception follows soon 
after marriage and nine out of ten births to girl’s age 15-19 years occur within 
marriage. Adolescent marriage changes a girls present and future drastically, and 
often not for the better. When a girl becomes pregnant, her health will be 
endangered, education and economic power ends, multiplying her risk to suffer 
under poverty and jeopardizing her safe transition in to adulthood (Blum & United 
Nations Population Fund, 2015b). Since many of these girls are highly likely to be 
undernourished, the risks of adverse pregnancy outcomes like IUGR and 
subsequent child malnutrition is high, continuing the vicious cycle of 
intergenerational transfer of malnutrition. This cycle has to be broken by putting in 
place strategies to promote women’s nutrition in general, and that of adolescent girls 
in particular (Bhutta et al., 2017b).  
 
Adolescent girls who are undergoing rapid growth are one of the nutritionally at risk 
groups who should receive due attention. Many of them in developing countries, 
enter adolescence thin, stunted, anemic and micronutrient deficient. Findings from 
the global burden of diseases and injuries among children and adolescents indicated 
that protein-energy malnutrition is among the top 10 causes of death in these group 
of population (Global Burden of Disease Pediatrics Collaboration et al., 2016). Albeit 
the prevalence of underweight among adolescent females in the five regions of the 
world is generally below 5%, some countries in Africa and Asia, reported 10% or 
more of adolescent girls to be too thin for their age and height (World Health 
Organization, 2014).Undernutrition of adolescent pregnancies is a cross cutting 
agenda which matters not only to themselves, but also to their society and nation as 
a whole. The spectrum of nutritional problems among them or their children 
encompasses stunting, low birthweight, IUGR, protein energy malnutrition and 
multiple micronutrient deficiencies (de Vienne et al., 2009a; WHO, 2018).  
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Deficiencies in the four common micronutrients; iron, iodine, vitamin A and zinc are 
high. Therefore, interventions targeted at promoting women’s nutrition should be 
included in policy agendas of national health strategies, with a peculiar target on the 
most vulnerable age groups (Bhutta et al., 2017b). 
 
Recently, there has been a growing interest in adolescent health and nutrition in 
developing countries as a means to improve the health of women and future 
generations of children, by national and international development actors. The 
recognition of adolescent health and development issues in the recent United 
Nations SDGs (SDGs 2030) agenda and specific targets and goals indicated in the 
United Nations Secretary General’s Global Strategy for Women, Children and 
Adolescents’ Health are exemplary in their kind (Kuruvilla et al., 2016; Salam et al., 
2016). This was on the basis of reasoning that interventions addressing adolescents 
can have intergenerational impact on optimizing health in the years ahead, including 
health of women during their pregnancy hence also the related health of their 
children and generation to come (Das et al., 2017). This chapter discusses the main 
findings of the researches conducted under this PhD work, their practical 
implications, methodological issues and research and policy recommendations to be 
taken up subsequently.  
 
7.2  Main research findings 
Under this PhD work, various studies were conducted. The first study explored 
dietary diversity of households and pattern of consumption of various food groups 
across regions and socio-economic groups using national data. This study identified 
that the diet of majority of the households was based on cereals with significant 
proportion of them having low dietary diversity. As in many LMICs, fruits and animal 
source foods (ASF) were rare components of their diet. Using a multivariable logistic 
regression analysis, intermediate factors like male headed households, high socio-
economic status, and large household size and owning livestock were found to 
positively influence consumption of diversified diet. Households in urban areas and 
with higher socio-economic status tend to diversify their diet. More importantly it was  
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found that fruits, vegetables and ASFs were the additional food groups consumed in 
higher proportion among households with higher dietary diversity score compared to 
their counterparts (Chapter 3).  
 
The second study focused on identifying the burden and determinants of 
undernutrition among young and pregnant women. For this purpose we have used 
data from a longitudinal birth cohort study which included pregnant women of 15-24 
years and followed until they gave birth. The analysis suggested that 38% of the 
pregnant women in the study had acute malnutrition as measured by MUAC<23 
centimeters and also 22% of them were anemic. Among the wide range of 
determinants investigated, using a hierarchical multivariable regression, we 
observed that improved maternal educational status, higher wealth status, using a 
protected water source and consumption of ASF protects against the risk of acute 
malnutrition. To the contrary, young maternal age (15-19 years), illness during 
pregnancy, maternal short stature, using unimproved toilet and antenatal depression 
were risk factors for either of the outcomes (Chapter 4). 
 
In this study, we have also applied a causal mediation analysis in order to 
understand the role of  maternal nutritional status during pregnancy in the 
association between maternal age and adverse newborn birth outcomes. Through 
this study we tried to estimate the average causal mediated effect (ACME) of 
maternal age through maternal nutritional status on birth length and SGA delivery. 
The results indicated that 21% of the effect of maternal age on birth length and 14% 
of its effect on SGA delivery were mediated through maternal nutritional status. The 
analysis also showed that the average direct effect (ADE) of maternal age on both of 
the outcomes, controlled for the mediator, is still significant suggesting that there are 
other pathways which can also explain the relationship between maternal age and 
SGA and newborn birth length. We have also conducted a sensitivity analysis in 
order to assess the robustness of the findings and identify to what extent the 
observed results can be explained by unmeasured confounders. It suggested that 
the ACME would be null in the presence of a positive correlation of 0.15 between the 
two error terms for the regression models fitted for maternal MUAC and birth length  
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and a positive correlation of 0.20 between the two error terms for the regression 













We also investigated the linear growth trajectories of infants born to these young 
mothers. We have used a linear mixed effects model to examine the differential in 
linear growth among infants born to adolescent mothers (15-19 years) compared to 
the older ones (20-24 years). Infants from adolescent mothers tend to have lower 
length for age Z score (LAZ) at baseline compared to those born to 20-24 years old 
mothers. Their growth was also lower during the first 9 months of follow up time. 
These infants did catch-up in growth after 7 months of age to surpass growth of 
infants from older mothers. The interaction between LAZ and time (infant age) didn’t 
show a significant difference in linear growth potential across infants from the two 
groups of maternal age. While investigating factors affecting growth of the infants, 
improved maternal educational status has shown a positive and significant 
association with linear growth of infants while infant illness exhibited a negative 
association (Chapter 6).  
 
In summary, this PhD research affirms findings from previous studies identifying that 
pregnancy at early age promotes maternal and child undernutrition. It also revealed 
that various factors play a significant role in resulting the adverse nutritional 
disadvantages among this group of the population. Albeit maternal nutritional status 
plays a role in resulting adverse newborn birth outcomes of young pregnancies, the 
study also suggested that there are other pathways which are not examined in this 
research. It also indicated that linear growth during early infancy can be affected by 
young maternal age during pregnancy. Though a negative effect at baseline, the 
infants from these young mothers did catch up in growth later in their infancy and 
their growth potential did not show a statistically significant difference from that of 
infants born to older mothers. 
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7.3 Implication of the research findings 
Though it varies by region, socio-economic and educational backgrounds, marriage 
and pregnancy at early age is known to affect health and development of adolescent 
girls in Ethiopia. Its effect resonates beyond affecting nutrition of adolescent girls and 
their children to impacting the health, wellbeing, quality of life and social and 
economic development of a community and a nation as a whole. Therefore, 
preventing early marriage and pregnancy should be central to policies targeting 
adolescent girls so that they can have a healthy transition to their adulthood.  It is 
known that investing during the adolescent growth period has a great return in 
curbing malnutrition among pregnant women and subsequent health and 
developmental consequences of both the women and their children.  
 
The nature of adolescent girl’s health and nutrition means that responsibilities for 
supporting it need to span a wide range of sector organizations. It is evident that 
interventions targeting health, education, family planning and social protection can 
have significant impact on adolescent nutrition. This suggests the need to use multi-
sectorial approaches as well in addressing adolescent health and nutrition problems. 
Ethiopia is among the countries such approaches have been started making inroads 
into integrated approaches for adolescent nutrition. The findings from this study also 
entail the need to support adolescent girls, their families and communities not only to 
improve adolescent’s access to nutrition, but to delay and prevent early marriage 
and pregnancy. The benefit of doing so amounts in boosting nations productivity 
hence economy. It also prevents malnutrition from passing to next generation.  
 
We demonstrated through the findings in the present study that the burden of 
undernutrition among these young pregnancies is to the level it needs critical 
attention. As in many LMICs, the high burden of undernutrition among the women is 
as a result of limited supply and intake of food and suboptimal dietary practices 
along with other factors. In these conditions, additional energy requirements are 
needed during pregnancy in order to maintain optimal growth of the fetus, placenta  
 
and maternal tissues. Though there is lack of robust evidence tested for their 
effectiveness contextually in many LMICs, there is some evidence to suggest 
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interventions that are thought to improve nutritional status of adolescent pregnancies 
and their children. According to a review by Abu-Saad and Fraser, maternal 
supplementation of various macro and micronutrients have improved fetal 
development and birth outcomes(Abu-Saad & Fraser, 2010a). In settings where 
chronic maternal undernutrition is common, energy supplementation in adequate 
amount and duration can result in increased birth weight and decrease the risk of 
small for gestational age births (Bhutta et al., 2017a). 
 
Anemia has known to be a very good indicator of nutritional status among pregnant 
women. Its public health importance is also paramount as any level of anemia during 
pregnancy signifies the risk of both adverse maternal and child health including 
maternal and neonatal mortality. The present study highlights, about a quarter of the 
pregnant women were anemic. This entails the need to effectively address the 
problem. Anemia, primarily due to iron deficiency is a critical nutritional problem 
among adolescent pregnancies.  
 
Apart from the findings from this study, a recent study published in The Lancet also 
indicated that almost half of pregnant women in LMICs are thought to have anemia 
(Baig-Ansari et al., 2008; Daru et al., 2018). This prevalence ranges from 49%-68% 
in those who are adolescents in sub-Saharan African countries. The negative effects 
of anemia during pregnancy have been established in various studies. However, it is 
unfortunate to learn from a recent report on maternal infant and young child nutrition 
(MIYCN) that no country is on a course to meet the target in reducing maternal 
anemia(Development Initiatives, 2017). Therefore, it is important to promote optimal 
dietary behaviors through diversification and also through micronutrient 
supplementations like iron and folate before and during pregnancy. These has 
shown to have important effects in improving maternal anemia and also birth weight 
and reduced risk of preterm birth (Scholl, 2005). 
 
The present study also showed that undernourishment was partly responsible for the 
adverse birth outcomes of infants young pregnancies. The fact that these women 
need adequate nutrients for their continuing growth makes it tough on the fetus to 
get the required nutrients for its proper growth and development. Moreover, this 
scenario is often complicated with the women entering their pregnancy malnourished 
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and with depleted nutritional reserves due to chronic malnutrition. As a result, growth 
faltering among their children begins in the utero and it continues dropping sharply 
from birth to late childhood with difficulty of recovering thereafter (Shrimpton et al., 
2001; Victora et al., 2010a). This pattern is consistent across different developing 
countries.  
 
Even though we didn’t demonstrate a significant difference between the growth of 
infants born to young mothers compared to the older ones, it is shown that infants 
from adolescent mothers had a lower linear growth potential during their early 
infancy and later did catch up in growth. Postnatal growth of infants can be 
determined by various environmental exposures including feeding and caring 
practices, infection, immunization and other factors affecting healthy development of 
infants. In impoverished settings where chronic malnutrition is common and poor 
maternal and child health services are in place, postnatal growth of infants can be 
hampered buffering good developmental onsets during early infancy. Interventions 
through this period, known as the window of opportunity (conception through 1000 
days), are considered crucial in the prevention of malnutrition and the observed 
growth faltering (Daelmans et al., 2009; Victora et al., 2010d).  
 
The consequences from undernutrition during childhood are also known to translate 
in to long-lasting health problems and other measures of human capital like 
productivity (de Groot et al., 2015). Therefore, prevention of undernutrition among 
these young pregnancies is important in reducing the risk of developmental insults in 
their children and break the intergenerational cycle of malnutrition. 
 
There are various windows for introducing interventions targeting nutritional needs of 
adolescent mothers so that healthy obstetric outcomes can be ensured (Leary, 
2005). Many of the determinants as evidenced from the present and other studies for 
nutritional disadvantages among adolescent mothers and their children are mainly 
from socio-economic, behavioral, environmental and biological origins. Therefore, 
interventions we design need to target these exposures for effective and maximum 
outcomes (Madjdian et al., 2018; Sethuraman, 2017). Given high prevalence of 
undernutrition during childhood in LMICs, adolescent nutritional interventions, 
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particularly among girls, should be given a priority attention to curb the 
intergenerational link (Bhutta et al., 2017a).  
 
Findings from the present study demonstrated the need to address common social 
determinants of undernutrition to promote health and nutrition of adolescent 
pregnancies. This has also been reflected in the SDGs such as (1) no poverty (2) no 
hunger (4) quality education and (5) gender equality, which directly indicate ways 
how to address common social determinants of undernutrition in impoverished 
communities (Bhutta et al., 2017a). No recommendation of adolescent nutrition in 
LMICs is compelling without targeting these social determinants of undernutrition 
which can be addressed through nutrition sensitive intervention. Economic and 
educational empowerments of adolescents, avoiding gender disparities and ensuring 
social safety nets are important approaches for improvement of nutritional status of 
adolescents (M. Hanson et al., 2017; Ihab et al., 2013). Adolescent friendly sexual 
and reproductive health services are also important. It is imperative to ensure access 
to contraceptives to prevent unwanted early pregnancy and optimizing inter 
pregnancy intervals. Moreover, prevention of early marriage and pregnancy can play 
an important role to decrease the double burden of undernutrition which could result 
due to pregnancy occurring during adolescence (Bhutta et al., 2017a).  
 
Interventions targeted to improve nutritional status are also important to consider, 
especially in LMICs where adolescents inherit undernutrition from their early 
childhood. There is evidence recommending interventions such as balanced  
energy/protein and micronutrient supplementation before, during and after 
pregnancy. These interventions can be channeled to adolescents through the 
platforms which are commonly used to promote maternal and child nutrition. Such 
channels include but are not limited to school and community based services, 
through communication and information technology, health services, youth 
organizations and social transfer programs (Bhutta et al., 2017a).An optimal dietary 
practice, through diversification and consumption of fruits, vegetables and ASF helps 
to attain nutritional demands. In many LMICs, these could be hampered due to food 
shortages, increased prices, and limited access to markets that supply more food 
varieties. Socio-cultural barriers also play important role in reduced consumption of 
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fruits, vegetables and ASF during pregnancy, increasing the level of undernutrition 
among pregnant women (Darapheak et al., 2013b; Joel Gittelsohn & Amy E. Vastine, 
2003; Speedy, 2003b). The threat of increasing population size and changing food 
systems in these settings, in the struggle to address quality and adequate dietary 
requirements is also pronounced. Therefore a more comprehensive way of 
addressing these hurdles through multi-sectorial approaches are important in order 
to tackle the problem effectively. Nutrition sensitive agriculture and access to market, 
can also have its share of contribution to increase production and consumption of 
diversified diet (Ruel & Alderman, 2013). 
 
Social sector development is one of the goals to be achieved through the Growth 
and Transformation Plan of Ethiopia (FDRE, 2016). It is directly interrelated with 
addressing various nutritional goals. It is particularly imperative to address nutritional 
needs of adolescents in order to build a skilled, innovating and productive workforce. 
Ethiopia had a lot of success stories in the health related MDG goals targeting 
women and children. However, undernutrition among children and pregnant women 
is still among one of the highest. For a maximum benefit to be achieved, it is critical 
to think beyond the first 1000 days of life. It is only too late if nutritional needs of 
adolescent girls before and during pregnancy are not addressed. Various policy 
documents addressing health and development of adolescents in Ethiopia have 
given little emphasis to their nutritional needs and support. The scope in most of 
them was limited to addressing only their reproductive health needs.  
 
For example, the national adolescent and youth health strategy of Ethiopia 
(FDREMoH, 2015) mainly focuses on addressing some of the social, economic, 
educational and health problems while approaches to address nutritional problems of 
adolescent girls were not clearly indicated.Majority of nutritional interventions also 
are mainly targeting only the first 1000 days of life with no due emphasis on 
addressing adolescent’s nutrition until recently.  
 
Cognizant to this importance, the Ethiopian government, has recently launched the 
second phase of National Nutrition Program II 2016-2020 (FDRE, 2017) whereby 
different sectors, including Health, Education, Industry, Water and Energy, Trade, 
Agriculture, Labor and Social Affairs, Finance and Economic Development, and 
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Women, Children, and Youth Affair are involved. The program aims to eradicate 
chronic malnutrition by 2030. The document recognizes ensuring adolescent girl’s 
nutritional needs in particular as one of the important strategies for the realization of 
this goal. The National Nutrition Policy, which is also on the verge of endorsement 
advocates for the promotion of addressing nutritional needs of adolescent girls 
(FDRE, 2018). However, as equal as having these policy documents, the details of 
the strategies about their implementation by the various stakeholders, which has not 
been indicated, is very important in order to achieve the goals.  
 
7.4  Methodological considerations: strength and limitations 
We have presented strength and limitations of each study in their respective 
chapters. In this section, we want to discuss general methodological issues that 
readers need to take in to account while interpreting the results. Maternal age was 
measured based on maternal reporting of their age in full years and date of birth. 
Given the setting is in rural area and literacy and numeracy rates for most of the 
women included  in the study were low,  it is likely that they may not remember their 
exact age or date of birth at the time of interview.  
 
As one of the main indicators in maternal undernutrition, anemia status of the 
pregnant women was assessed. We have used HemoCue Hb 201 DM system to 
determine hemoglobin level and later anemia estimates were adjusted for altitude 
and trimester using standard methods. Since we didn’t have empirical data, we were 
not able to adjust anemia status of the women for presence of inflammation. This 
might under estimate the proportion of pregnant women who had anemia in the 
sample. Maternal undernutrition was also measured using MUAC. Even though 
lower maternal MUAC was indicated to predict adverse birth outcomes, a more direct 
measure of undernutrition using biomarkers and maternal weight gain during 
pregnancy could give a more comprehensive information about the nutritional status 
of the pregnant women. Similarly, using a single 24 hour recall to collect dietary data 
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Gestational age was also determined by maternal reporting of last normal menstrual 
period (LNMP). In many rural settings of LMICs, women identify their pregnancy 
during late first trimester or early second trimester. In such circumstances, reports of 
the women about the duration of pregnancy may not be reliable. Even though they 
can approximate the date, the method naturally suffers from various drawbacks in 
accurately estimating gestational age of the fetus. It is also expected in this study 
that the women may not accurately estimate their LNMP. This has implications in 
classifying newborns if they are small in size for their respective gestational age or 
not. A reliable method of estimating gestational age like early trimester ultrasound is 
highly recommended for research and practice in order to accurately know 
gestational age and also prevent any subsequent consequences. Given 
prepregnancy and early trimester nutritional status have significant impact on growth 
of the fetus, a comprehensive understanding would have been demonstrated if first 
trimester pregnancies were included. Although birth weight was measured during the 
first 24 hours for majority of the newborns, the fact that some were measured during 
48-72 hours of delivery might affect the actual birth weight measurement as the 
neonates will gain weight after birth. The follow up period of infants was also 
restricted until they were 12 months old. this may have an effect while trying to look  
at the linear growth trajectories of the infants as we may not be able to capture the 
full growth spectrum. Data on breast feeding and complementary feeding was not 
included in the analysis. Given the fact that optimal postnatal child care contribute for 
a better child growth, this study would have benefited if data on breast feeding and 
complementary feeding was examined.  
 
There are also strengths we want to attribute to the present research work. 
Adolescents were not given much attention in various nutrition and development 
interventions until recently. Research investigating the role of adolescent pregnancy 
and its impact on birth outcomes and infant growth is scarce in many LMICs. Much 
of the existing evidence is derived from studies from developed countries. The 
limited literature on adolescent pregnancy, nutrition and its effect on adverse 
newborn birth outcomes in many LMICs is based on cross-sectional and 
demographic and health survey (DHS) data. These data are not designed to capture 
changes in the same group and only remain at the level of associations. Since our 
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work is based on a relatively large sample of longitudinal data, it strongly contributes 
to a causal link between pregnancy, birth outcome and subsequent infant growth. 
Unlike in many longitudinal studies, our study also didn’t suffer from a large 
proportion of attrition, as about 90% of the sample were followed to the end of the 
study. We also tried to use robust statistical methods to infer relationships between 
adolescent pregnancy and adverse birth outcomes and infant linear growth. Given 
the various mechanisms through which maternal age operates to affect birth 
outcomes and child growth, this study introduced a very robust statistical methods to 
be taken up in answering similar questions. This study is also the first to investigate 
the relation between adolescent pregnancy and birth outcomes and infant linear 
growth in Ethiopia. Prior research on adolescents is mainly focused on assessing 
sexual and reproductive health with very few investigating their nutritional status 
using crossectional data. 
 
7.5 Conclusion 
Child bearing and undernutrition are common among young girls in Ethiopia. Its 
effect is commonly expressed through affecting newborn birth outcomes and growth 
of both the women and their children. There is a dearth of evidence from LMICs to 
understand the intricate nature of pregnancy and undernutrition during adolescence 
and its effect on the health and development of their children using a properly 
designed study. The findings from this study demonstrated the negative impacts of 
this circumstance on both the adolescents and their infants. According to the findings 
from the WMS data, majority of households consume less diversified diet. The study 
highlights the pattern of consumption of various food groups to be different across 
the regions and SES. It is also demonstrated that higher HDDS was identified among 
households with higher socio economic status, literate, larger and male-headed 
households, living in urban areas. It is identified that adolescent pregnancies were 
more likely to suffer from undernutrition and anemia during their pregnancy than their 
older counter parts. This risk was also more pronounced among pregnant women 
with no education, lower economic status, poor and consuming less diversified diet. 
This findings shade light on important determinants to be targeted through 
interventions to improve nutritional status of adolescent pregnancies. 
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The study also demonstrated that the effect of young age during pregnancy on 
newborn birth length and SGA delivery was partly mediated through undernutrition of 
the mothers. The mediation analysis indicated that there are also other pathways, 
other than maternal undernutrition, through which the effect of young maternal age 
can operate in resulting adverse birth outcomes and need to be investigated. Infants 
born to adolescent mothers were also found to set a low profile of linear growth 
potential during their early infancy though they were found to catch up at their later 
infancy. The linear growth from adolescent mothers didn’t significantly differ from 
those born to 20-24 years old mothers. Linear growth of the infants was positively 
influenced by improved maternal educational status and iron folate supplementation 
during pregnancy while child illness negatively affected their growth. These findings 
reaffirm the negative consequences of pregnancy during adolescence which has 
been reported in various previous studies.  
 
7.6  Recommendations for policy and research 
Over the recent years, the nutrition community has focused tailoring nutrition 
interventions in the first 1000 days of life, from conception to second birthday as a 
critical window of opportunity. Given 16 million adolescent girls are giving birth each 
year, the focus on early childhood only is often too late to break the intergenerational 
cycle of malnutrition. Due to declined birth rates and increased child survival, the 
number of adolescent population is increasing worldwide (Madjdian et al., 2018; 
UNDESA, 2015). The largest share of this youth population resides in LMICs. As it is 
crucial to make sure more children are transiting to their adolescence, it is equally 
important to address their specific nutritional and health needs. More importantly, if a 
child’s health and nutrition is to be optimized, it is vital to make sure that the needs of 
adolescent girls are targeted. In order to address these issues the following 
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7.6.1 Recommendation for policy: 
 
A. Enforcing laws against early marriage  
Though the country has ratified several national and international laws, including The 
Revised Family Code adopted in 2003 which set the legal age for marriage at 18 
years for both boys and girls, to prohibit marriage and pregnancy at early age, the 
laws are rarely enforced, especially in rural settings. In order for decreasing the rate 
of adolescent pregnancy  and ensuring progress in preventing child marriage, the 
existing laws need to be enforced by all stockholders both at the national and 
regional levels unequivocally. This requires a careful assessment of the landscape 
about how all stakeholders see the problem. As there are varying views about 
adolescent pregnancy across various groups of populations, it is critical to identify 
and intervene on this first with important stakeholders. 
 
B. Promoting girls empowerment  
Ethiopia has a positive track record of success in reducing child marriage and 
pregnancy and access to primary school over the past decade. Although significant 
efforts have been made, the rate of adolescent marriage and pregnancy is still 
among the highest indicating that there still are challenges which need to be 
addressed. School attendance is protective against various vulnerabilities in 
adolescents. In Ethiopia, women between 15-19 years with no education have a 
higher chance of getting married and start bearing a child than those who have high 
school level education. Besides, there are also socio-cultural factors related to 
treatment of women and girls, poverty which increases the opportunity cost of 
sending girls to school, gender insensitive school environments and reluctance of 
responsible organizations in implementing policies. These factors restrain girls from 
delaying their marriage and child birth. Therefore, policies promoting empowerment 
of girls through education, increased economic opportunities, social support and 
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C. Enhancing adolescent health services  
Adolescent pregnancies, in spite of their specific needs, are automatically 
categorized to receive services under ordinary maternal health programs which don’t 
account for their special health and nutritional needs. Adolescent friendly sexual and 
reproductive health services need to be implemented in the health care system 
specific to these group of the population. It is imperative to ensure access to 
contraceptives to prevent unwanted early pregnancy and optimizing inter pregnancy 
intervals. Moreover, prevention of early marriage and pregnancy can play an 
important role to decrease the double burden of undernutrition which could result 
due to pregnancy occurring during adolescence. 
 
D. Promotion of adolescent girls nutrition  
Promotion of preconception and antenatal nutritional care among adolescent girls 
has a pivotal role in ensuring healthy developments of adolescents and their 
children. This can be ensured through both nutrition sensitive and nutrition specific 
interventions. Promotion of nutrition sensitive agriculture helps to increase 
production of nutritious foods in homestead gardens and large scale farming. This 
can increase availability and access to variety of food hence consumption of 
diversified diet among adolescents. Similarly, counseling of adolescent pregnant 
women about healthy and diversified eating and in undernourished populations, 
recommending increasing daily energy and protein intake and balanced 
supplementation will also help improve maternal and newborn pregnancy outcomes. 
Micronutrient supplements like iron and folic acid before and during pregnancy are 
also important intervention which needs to be strengthened.  
 
E. Planning broader and long term interventions 
Targeting wider interventions crossing multiple sectors to ensure the broader nature 
of the problem is important. This scope can range up to targeting to improve national 
economic development, decreasing income inequalities and also addressing the 
issue of climate change which directly affects agricultural and livestock productivity. 
As it may be difficult to show a direct impact, it is also imperative to use a logic 
model to target all factors that interplay together in resulting adolescent marriage, 
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pregnancy and hence adverse birth and nutritional consequences through a 
multisectoral approach. 
 
7.6.2 Recommendations for future research 
The present study only covered few of the dimensions in the complex issue of 
adolescent pregnancy and its role in determining nutritional outcomes of adolescent 
women and their children. We believe that there remains a great deal of knowledge 
to be investigated for a comprehensive understanding of health and nutritional 
problems of adolescent girls in general and the pregnant ones in particular, so as to 
design targeted intervention programs. In many LMICs, there is a paucity of a robust,  
context specific and comprehensive evidence in order to inform policy and plan 
intervention programs. Therefore, for a better understanding and planning of 
effective interventions, we recommend the following issues to be investigated 
through future research: 
 
A. For effective prevention of early marriage and pregnancy, it is imperative to 
understand comprehensively the determinants of the problem. Therefore, 
research which rigorously investigates the determinants of adolescent 
marriage and pregnancy across different population groupsin Ethiopia, 
through a quantitative and qualitative methods can help understand the 
important actors to be targeted in interventions. 
 
B. Though there are policy documents and programs which are set to prevent 
early marriage and pregnancy, it is evident that the extent of the problem is 
still high. Therefore, a research investigating the challenges in implementing 
the policies and programs working towards the prevention of this problem and 
their solution has to be conducted.  
 
C. There are only few studies assessing nutritional status of adolescents in 
general and adolescent pregnancies in particular. Research covering the full 
scope of nutritional problems among adolescent girls and pregnancies, 
beyond their anthropometric deficits, need to be conducted in order to 
understand the scope of the problem across these vulnerable population. 
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D. Health and nutrition service utilization of adolescent women are limited due to 
multitude of factors. It is also important to understand the extent to which 
adolescent girls and pregnancies are utilizing these services and the main 
determinants hindering them from seeking the services through a well-
designed research. This is important in rolling out services which can 
effectively target the needs of the adolescents. 
 
E. As adolescence is a critical period where many behavioral transitions can 
happen, it is worth investigating the health and nutrition needs, preferences, 
dietary practices and circumstances of adolescent girls to strengthen existing 
and build new service delivery systems.  
 
F. It is also equally important to conduct follow up studies which evaluate 
currently implemented programs to identify any hurdles and proposed 
solutions. A research assessing effectiveness of nutritional interventions 
targeting adolescent pregnancies in settings where malnutrition is prevalent 
can also have an important input. 
G. In order to understand the intergenerational effect, a research which also 
investigates the burden of undernutrition among adolescent girls before and 
during conception and how it affects the health and nutritional outcomes of 
both the women and their children, considering multiple pathways is also 
relevant. 
 
H. It is also understood that assessment of gestational age in many resource 
poor and rural settings is a difficult task while it is a very important data for 
many health and nutrition indicators. Validation of various methods of 
assessing gestational age for a research and practice purposes has to be 
done in order to improve quality of data and proper estimation of important 
indicators.
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Annex 
Data collection tool 
Module 1: Household Information& Characteristics 
Section 1: Interview Information 
Table 1.1 
Number Question  Response Variable 
1.1.1. Date of interview / /  HDATEINT 
1.1.2. Data Time Point (1-9)  HDTIMEPT 
1.1.3. Household ID  HHID 
1.1.4. Woreda (drop list: Woliso, Goma, Tiro 
Afeta) 
HWOREDA 
1.1.5. Kebele (text) HKEBELE 
1.1.6. Gote / Gere (text) HGOTE 
1.1.7. GPS “Get GPS Coordinates” HHGPS 
1.1.8. Interviewer’s ID 1  HID1 
1.1.9. Interviewer’s ID 2  HID2 
1.1.10. Supervisor’s ID  HSID 
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Section 3: Literacy/Numeracy for Index Woman 
1.3.1 Can the Index Woman write her 
name in local language? (Please 
test)
1=yes, 0=no, 98 = not tested 
HIWWRITE 
1.3.2 Can the Index Woman read the 
following sentences?  
(picture of local text)
1=yes, 0=no, 98 = not tested 
HIWREAD 
1.3.3 Can the female respondent 
correctly answer the following 
numeracy test?      
"If you sell eggs for 30 Birr and 
1=yes, 0=no, 98=not tested 
HIWNUM 
Module 2: Water, Hygiene and Sanitation 
Section 1: Water Source & Use 
Table 2.1 
Questions Responses  Var. name  
2.1.1 What is your household’s 
most commonly used source 
of drinking water?   
1=piped water, 2=public tap, 3=tube 
well or borehole, 4=protected well or 
spring, 5=unprotected well or spring, 
6=rainwater, 7=river or pond, 
8=bottled, 9=other (specify_______) 






2.1.2 What is your household’s 
most commonly used source 
of other household water 
(non agri)?  
1=piped water, 2=public tap, 3=tube 
well or borehole, 4=protected well or 
spring, 5=unprotected well or spring, 
6=rainwater, 7=river or pond, 
8=bottled, 9=other (specify_______) 






2.1.3 What is the distance from 
your household to this source 
of water (one-way)?  If two 
sources, refer to the furthest 
distance 
__________ kilometers; if the source 
of water is in the compound, then put 
0, 98 = don’t know 
WDISTANC 
2.1.4 How much time does it take _______minutes WTIME
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to bring water (one round trip, 
including waiting time, by 
usual means) from the 
furthest source? 
98 = don’t know 
2.1.5 Does the household do any 
rain water harvesting (for 
domestic use)?   
 0=No 
 1=Yes   
98 = don’t know 
WRAIN 
2.1.6 Do you do anything to your 
household water before 
drinking it? 
 
1=do nothing, 2= boiling, 3=use 
traditional herbs, 4=use chemicals 









2.1.7 Do you store drinking water 




98 = don’t know 
WWATSTR 
2.1.8 Where do you store your 
household drinking water? 
 
1=Traditional pot with cover, 
2=traditional pot without cover, 
3=plastic jerry can with cover, 
4=plastic jerry can without cover, 
5=other (specify__________) 





2.1.9 How much water  does your 
household usually use in one 
day?   
______ Liters 
98 = don’t know 
 
WJCANS 
Section 2: Sanitation & Hygiene 
Table 2.2 
 How do you dispose of household rubbish?  (Do not read the responses. Allow 
respondent to answer, then fill each item below.)  
2.2.1 Garbage pit  1=Yes  0=No WPIT 
2.2.2 Discard in garden  1=Yes  0=No WGARDEN 
2.2.3 Discard in bush  1=Yes  0=No WBUSH 
2.2.4 Open burning  1=Yes  0=No WBURN 
2.2.5 Other (specify_______)  1=Yes  0=No WOTHER 
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2.2.6 How do you most commonly store 
prepared food?  (Do not read the 
responses.  Allow respondent to 
answer, then fill in response 
appropriately.) 
 
1.  Uncovered container 
or plate 2. Covered 
container or plate 3. On 
fire or hot ash 4. Other 
(specify_____) 







2.2.7 Where do you most commonly 
store clean dishes?  
1. Shelf  
2. Floor  
3. Covered Container 
4. N/A 
5. Other (specify) 






Under what circumstances do you wash your hands? (Do not read the responses below.  Allow 
respondent to answer, then fill each item below.) 
2.2.8 Not at all  1=Yes  0=No WNIL 
2.2.9 When dirt is visible  1=Yes  0=No WDIRT 
2.2.10 After toilet use/defecation/urination  1=Yes  0=No WTOILETUSE 
2.2.11 After cleaning child following  1=Yes  0=No WCLEANCHILD 
2.2.12 Before preparing the food  1=Yes  0=No WFOOD 
2.2.13 Before serving a meal  1=Yes  0=No WMEAL 
2.2.14 Before eating  1=Yes  0=No WEAT 
2.2.15 Before feeding a child  1=Yes  0=No WFEEDBABY 
2.2.16 When I am reminded to do so  1=Yes  0=No WREMIND 
Module 3: Index Woman Diet & Food Security 
Section 1: Index Woman Diet – 24 Hr Recall 
Now I am going to ask you about what you ate and drank yesterday, from the time you     woke up to 
the time you slept.  If there were foods that were shared please tell me who else shared these foods 
with you.    
Number Question Answer Variable 
3.1.1 Day of Recall? (Sun – Sat) RECALLDAY 
3.1.2 Are you Fasting today? 1. Yes 
2. No 
3. N/A 
98. Refused  
IWFASTING 
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3.1.3 Are you Fasting from all foods for 
some of the day?  
1. Yes, until noon 
2. Yes, until 3pm 





3.1.4 Does this represent a normal 
eating day for you?  
 
 
1. Yes  
2. No 
98. Refused  
IWNORMEAT 
3.1.5 If no, explain: 
 
(probe about sickness, festival, 
holiday, etc) 
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Module 4: Index Woman Health Status & Pregnancy 
Section 1: Health Status Assessment 
I am going to ask you about your health.  Please respond to the following questions 
about you yourself. 
Question Responses Variable 
name 
4.1.1 In the past two weeks, have you 
had any illness? (if no, skip to 4.1.6) 
 1=Yes  0=No  98= 
Don’t know 
MANYILL 
4.1.2 If yes, how many days in the past 
two weeks were you unable to do 
your daily work because of illness? 
___days (allow partial days) MDAYS 
Please answer the following three questions regarding the last illness you ever had: 
4.1.3 Did you seek help outside the 
home?  (if no, skip to question 
4.1.6) 
 1=Yes  0=No  98= 
don’t know 
MTREAT 
4.1.4 If yes, where did you seek help? 1 =Traditional healer 
2 = Holy Water 
3 = Witchcraft 
4 =Health extension worker 
5 =Community resource 
persons (VHT, drug 
distributors) 
6 =Drug shop or private 
pharmacy 
7 =Private clinic 
8 =NGOhealth facility 




4.1.5 How far was the furthest facility 
where you sought help? (km) 
_____ kms 
 
98 = don’t know 
MDISTANCE 
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     Section 2: Former Pregnancies 
4.2.1 How many pregnancies have you 
ever had? ( do not include current if 
pregnant) 
____ pregnancies 
 If response is “0”, skip to 
Section 4 
98 d ’t k
MPREGNA 
4.2.2 How many live born children have 
you ever had? 
______ children 
 
98 = don’t know 
MALIVEBOR
N 
4.2.3 Have you ever lost a child due to 
death (including stillbirths)?   
 1=Yes  0=No 
98 = don’t know 
MCHILDIE 
4.2.4 If yes, how many? ________children 
98 = don’t know 
MNOCHILDIE 
4.2.5 Have you ever lost a child due to 
miscarriage (spontaneous 
 1=Yes  0=No 
98 = don’t know 
MMISCARRY 




4.2.7 How long ago was your last 
pregnancy? 
______ years  
98 = don’t know 
 
MLASTPRG 
4.2.8 How many antenatal care visits 
occurred during your last 
pregnancy? 
________ visits  Enter 0 if 
none 
98 = don’t know 
MNOANC 
4.2.9 During that pregnancy, were you 
given or did you buy any iron 
tablets? (show the tablet) 
 1=Yes  0=No  
98=Don’t Know 
MANCIRON 
4.2.10 If yes, during the whole pregnancy, 
for how many days did you take the 
tablets? 
____days 
98 = don’t know 
MIRONDAYS 
4.2.11 During the last pregnancy, did you 
receive any drug for intestinal 
worms? 
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4.2.12 During the last pregnancy, were you 
offered HIV testing?  
 1=Yes  0=No  
98=Don’t Know 
MHIVTEST 
4.2.13 During the last pregnancy, did you 
know where ART drugs or treatment 
was available for those that needed 
 1=Yes  0=No  
98=Don’t Know 
MART 
4.2.14 What was the outcome of your last 
pregnancy? 
(Do not read the options, allow the 
respondent to answer 
spontaneously) 
1. Live birth 
2. Still birth  
3. Spontaneous abortion/ 
miscarriage 
4. Induced abortion 
98 = don’t know  
MPREGOUT 
4.2.15 For the last pregnancy, where did 
you deliver? 
1. Public or gov’t health 
facility.  
2.Private not-for-profit or 
NGO health facility 
3. Private health facility 
4. At traditional birth 
attendant’s  








4.2.16 During your last pregnancy, did you 
deliver by Caesarean section? 
 1=Yes  0=No  
98=Don’t Know 
MCAESAR 
4.2.17 During your last pregnancy, did you 
deliver by instruments? 
 1=Yes  0=No  
98=Don’t Know 
MFORCEP 
4.2.18 Have you ever been diagnosed with 
pregnancy induced hypertension? 




      Section 3: Current Pregnancy 







4.3.2 If no, what terminated your 
pregnancy?  
1. Premature birth/stillborn 




4.3.3 If yes, for how many weeks have 
you been pregnant? (prompt with 
date of last menstrual period)
__________ weeks 
 98=Don’t Know 
MPREGWKS 
4.3.4 Have you sought antenatal care 
during this pregnancy so far? 
 1=Yes  0=No  
98=Don’t Know 
 
4.3.5 How many antenatal care visits 
have occurred during this 
pregnancyso far?
________visits 
98 = don’t know  
MNOANCC 
4.3.6 During this pregnancy, were you 
given or did you buy any iron 
tablets? (show the tablet)
 1=Yes  0=No  
98=Don’t Know 
MANCIRONC 
4.3.7 If yes, during this pregnancy, for 
how many days have you taken the 
t bl t f ?
____days 
98 = don’t know 
MIRONDAYS
C 
4.3.8 If yes, will you continue taking the 
tablets through this pregnancy?  




4.3.9 During this pregnancy, did you 
receive any drug for intestinal 
worms? 






During this pregnancy, were you 
offered HIV testing?  





During this pregnancy, did you 
know where ART drugs or treatment 
was available for those that needed 
 1=Yes  0=No  
98=Don’t Know 
MARTC 
       
Module 5: Psychosocial Stress Measurement Scales 
       Section 1: Patient Health Questionnaire (PHQ)-9 and treatment 
Definitions: Several days (2-6days)      More than half a days (7-11days)       Nearly every 
day (12-14days) 98 = don’t know 
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following problems? 
1 
Over the last two weeks, how often 
have you bothered by little interest or 
pleasure in doing things 
Not at all 0  
Several days 1 
More than half the days 2 
Nearly every day 3 
2 
Over the last two weeks, how often 
have you bothered by feeling down, 
depressed, or hopeless 
Not at all 0  
Several days 1 
More than half the days 2 
Nearly every day 3 
3 
Over the last two weeks, how often 
have you bothered by trouble 
falling/staying asleep, sleeping too 
much?  
Not at all 0  
Several days 1 
More than half the days 2 
Nearly every day 3 
4 
Over the last two weeks, how often 
have you bothered by feeling tired or 
having little energy 
Not at all 0  
Several days 1 
More than half the days 2 
Nearly every day 3 
5 
Over the last two weeks, how often 
have you bothered by poor appetite or 
overeating 
Not at all 0  
Several days 1 
More than half the days 2 
Nearly every day 3 
6 
Over the last two weeks, how often 
have you bothered by feeling bad 
about yourself – or that you are ⁮a 
failure or have let yourself or your 
family down. 
Not at all 0  
Several days 1 
More than half the days 2 
Nearly every day 3 
7 
Over the last two weeks, how often 
have you bothered by trouble 
concentrating on things, such as   
reading the newspaper or watching 
television? 
Not at all 0  
Several days 1 
More than half the days 2 
Nearly every day 3 
8 
Over the last two weeks, how often 
have you bothered by moving or 
Not at all 0  






   Module 6: Birth Event 
I am now going to ask you questions about your recent delivery 
Table 6.1 
6.1.1 On what date did you give birth? dd/mm/yyyy CBIRDATE 
6.1.2 What was the birth outcome? 1. Live birth 
2. Still birth  
MPREGOUT 
speaking so slowly that other people    
could have noticed Or the opposite – 
being so fidgety or restless that you 
have been moving   around a lot more 
than usual. 
More than half the days 2 
Nearly every day 3 
9 
Over the last two weeks, how often 
have you bothered by thoughts that 
you would be better off dead or of 
hurting yourself in some way? 
Not at all 0  
Several days 1 
More than half the days 2 
Nearly every day 3 
 Total for PHQ1-PHQ9 _______    
10 Apart from these past two weeks, 
during the past 12 months, did you 
have other episodes of two weeks or 
more when you felt depressed or 
uninterested in most things, and had 
most of the problems we just talked 
about? 
No  0  
Yes  1 
     
*11 If said “Yes” to any of the problems, 
how difficult have these problems 
made it for you to do your work, take 
care of things at home or get along 
with other people?   
Not difficult at all 0  
Somewhat difficult  1 
Very difficult  2 




155 Module 6: Birth Event 
3. Spontaneous abortion/ 
miscarriage 
4. Induced abortion 
98 . don’t know  
6.1.3 How many antenatal care visits 
occurred during your pregnancy 
(total)? 
________Visits 
98 = don’t know  
 
MNOANCT 
6.1.4 During this pregnancy, were you 
given or did you buy any iron 
tablets?
 1=Yes  0=No  
98=Don’t Know 
MANCIRONT 
6.1.5 If yes, during this whole 
pregnancy, for how many days 




6.1.6 During this pregnancy, did you 
receive any drug for intestinal 
 1=Yes  0=No  
98=Don’t Know 
MTREATWORMT 
6.1.7 During this pregnancy, were you 
offered HIV testing?  
 1=Yes  0=No  
98=Don’t Know 
MHIVTESTT 
6.1.8 During this pregnancy, did you 
know where ART drugs or 
treatment was available for those 
th t d d it?
 1=Yes  0=No  
98=Don’t Know 
MARTT 
6.1.9 Where did you deliver? 1. Public or gov’t health 
facility.  
2.Private not-for-profit or 
NGO health facility 
3. Private health facility 
4. At traditional birth 
attendant’s  








6.1.10 Where there any complications to 
the birth? (select all that apply) 
1. Prolonged labor (> 24 
hrs) 
2. Congenital anomalies 
(physical deformities)  
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4. Infection/Fever 
5. Caesarean birth 
(operation) 




6.1.12 Did a HEW visit you after you 
gave birth?  
 1=Yes  0=No  
98=Don’t Know 
MDELIVHEW 
6.1.13 Do you know the child’s birth 
weight? 
1. Yes, confirmed with 
child health card 
2. Yes, remembers  
3. Doesn’t remember 
4. Don’t know  
 
CBIRWTKN 
6.1.14 If yes (1 or 2), What was the 
child’s birth weight? 




6.1.15 If live birth, is the child still alive?   1=Yes  0=No  
98=Don’t Know 
CALIVE 
6.1.16 If no, what was the age of the 
child at the time of death?   
_______ days 
98 = don’t know  
CALVDAYS 
    Module 7: Child Health Status 
   Section 1: Child Illnesses and Symptoms 
 Question Responses Variable name  
7.1.1 Is the child still alive?   1=Yes  0=No
 98=Don’t Know 
CALIVE3M 
7.1.2 If no, what was the age 
of the child at the time of 
death?   
_______ days 
98 = don’t know  
CALVDAYS3M 
7.1.3 Did the index child sleep 
under a bed net last 
night?   
 1=Yes  0=No
 98=Don’t Know 
MNETCHILD 
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 98=Don’t Know 
 
If yes, continue 
below.  Otherwise, 
skip to the next 
section. 
7.1.5 Which illnesses or 
symptoms has the child 
had in the past two 
weeks?  Do not read the 
list below; allow the 
caregiver to answer, 
then complete all 
questions. 
For how many days 
in the past two 
weeks (14 days), 
has the child 
experienced the 
symptom?  (0 if 
child has not 
experienced the 
symptom) 98 = 
don’t know 
 
7.1.6 Cough  1=Yes  
0=No 
 days CCOUGH/CCOUGHDAY 
7.1.7 Difficult or fast breathing 
 1=Yes  0=No 
 days CFASTBRTH/CFASTBRTHDAY 
7.1.8 Fever  1=Yes  0=No  days CFEVER/CFEVERDAY 
7.1.9 Diarrhea without blood 
 1=Yes  0=No 
 days CDIARRH/CDIARRHDAY 
7.1.10 Diarrhea with blood 
 1=Yes  0=No 
 days CBLOODIARRH/CBLDDIADAY 
7.1.11 Skin rash  1=Yes  
0=No 
 days CSKIN/CSKINDAY 
7.1.12 Ear discharge  1=Yes 
 0=No 
 days CEARDIS/CEARDISDAY 
7.1.13 Eye infection  1=Yes 
 0=No 
 days CEYEINF/CEYEINFDAY 
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0=No 
7.1.15 Other (specify 
____________) 
COTHERSPE  1=Yes 
 0=No 
 days COTHER/COTHDAY 
 
7.1.16 If the child had diarrhea, did 
you give them any liquids? 
1=yes 0=no   98=Don’t 
Know 
CDIARRLIQG 
7.1.17 If yes, what liquids did you 
give to the child? 
1. Water 
2. Sugar water 
3. ORS (lemlem) 





7.1.18 If your child had any illness 
or symptoms, did you seek 
any help outside the home?  
 1=Yes  0=No CTREAT 
7.1.19 If yes, where did you seek 
help? 
Select multiple 
1. =Traditional healer 
2. = Holy Water 
3. = Witchcraft 
4. =Health extension 
worker 
5. =Drug shop or 
private pharmacy 
6. =Private clinic 
7. =Not-for-profit 
health facility 









Module 8: Laboratory tests and Anthropometric measurements  
Section 1:  Index Woman Anthropometry 
 
 Question Response  Var. name  
8.1.1 Index woman’s initials  AMINIT 
8.1.2 Year of birth  AMYOB 
8.1.3 Age in years  AMYRS 
8.1.4 Pregnant  1=Yes  0=No AMPREG 
8.1.5 Weight 1 .  kg AMWT1 
8.1.6 Weight 2 .  kg AMWT2 
8.1.7 Weight 3 .  kg AMWT3 
8.1.8 Height 1 .  cm AMHT1 
8.1.9 Height 2 .  cm AMHT2 
8.1.10 Height 3 .  cm AMHT3 
8.1.11 MUAC 1 .  cm AMMUAC1 
8.1.12 MUAC 2 .  cm AMMUAC2 
8.1.13 MUAC 3 .  cm AMMUAC3 
8.1.14 Blood pressure (Systolic )  mm Hg AMSYSBP 
8.1.15 Blood pressure (Dyastolic)  mm Hg AMDYABP 
8.1.16 Referral given?  1=Yes  0=No AMREF 
    Section 2: Children Anthropometry 
 
 Question Index child 
8.2.2 
Child’s initials  
ACINIT1 
8.2.3 
Sex  M F 
ACSEX1 
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 Question Index child 
ACDOB1 
8.2.5 
Age in months 




Weight 1 .  kg 
ACWT11 
8.2.7 
Weight 2 .  kg 
ACWT21 
8.2.8 
Weight 3 .  kg 
ACWT31 
8.2.9 Length/height 1 .  cm (ACLEG11) 
8.2.10 Length/height 2 .  cm (ACLEG21) 
8.2.11 Length/height 3 .  cm (ACLEG31) 
8.2.12 
Measurement taken: 1=length        2=height 
ACMEA1 
8.2.13 
MUAC 1 .  cm 
(ACMUAC11) 
8.2.14 
MUAC 2 .  cm 
(ACMUAC21) 
8.2.15 
MUAC 3 .  cm 
(ACMUAC31) 
8.2.16 
Edema  1=Yes  0=No 
ACEDEMA1 
   Section 3 – Hemocue Measurements (Index Woman and Child) 
 question Index Woman Index child 
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 question Index Woman Index child 
8.3.3 HemoCue result 







8.3.4 Reason for no 
HemoCue (skip if 
HemoCue done) 
WHYNOHCG WHYNOHCH1 
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 Effective Teaching Skills training for Medical and Public Health faculties of Jimma 
University organized by Carter Center in 2008. 
 Training of trainers on HIV and Nutrition organized by TUFTs University, 
Hawassa University and UNICEF from July 25-29/2011. 
 Systematic review training by Joana Brigs Institute of systematic reviews (JBI), 
Jimma center, from Dec.25-29/ 2011 
 Training of trainers for Systematic review and Meta-analysis by Joana Brigs 
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Transferable skill trainings attended 
 Scientific writing skill 
 Communication skill 
 Advanced statistics with STATA in 2015 in Jimma University 
 Research Ethics (part I and II) organized by University of Oslo and Jimma 
University 2016 
 Advanced multilevel and longitudinal data analysis with STATA 2015 in Jimma 
University 
Social skills and competences 
 Excellent ability of communication and teamwork especially developed during the 
community based education programs both in my undergraduate and post 
graduate programs where I worked as a team leader and reporter in both 
occasions. I have positive experience of living together and working with a team 
of different backgrounds. 
Personal interests and hobbies: 
 I have great interest to pursue in Academic and Research career to be influential 
person in the field of Public Health and evidence based health care. And I Enjoy 
Reading different type of books, All Sports particularly Football, Love to travel and 
experience different cultures. 
Language skill apart from Amharic: 
 Excellent proficiency in listening, written and spoken English 
 Basic proficiency in listening, written and spoken Arabic 
Professional affiliations 
 Life member of Ethiopian Public Health Association (EPHA) 
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List of Publications 
1. Mekonnen E., Workicho A., Hussein N., and Feyera T (2018). Reasons and 
predictors for antiretroviral therapy change among HIV-infected adults at South 
West Ethiopia. BMC Res Notes; 11:351. doi.org/10.1186/s13104-018-3470-y 
2. GBD 2015 Eastern Mediterranean Region Cardiovascular Disease Collaborators 
(2018). Burden of cardiovascular diseases in the Eastern Mediterranean Region, 
1990–2015: findings from the Global Burden of Disease 2015 study. Int J Public 
Health. May;63(Suppl 1):137-149.  
3. GBD 2015 Eastern Mediterranean Region Diearrheal Disease Collaborators 
(2018). Burden of diarrhea in the Eastern Mediterranean Region, 1990–2015: 
Findings from the Global Burden of Disease 2015 Study. Int J Public Health; 
63(Suppl 1):109-121. doi: 10.1007/s00038-017-1008-z.  
4. GBD 2015 Eastern Mediterranean Region Mental Haealth Collaborators (2018). 
The burden of mental disorders in the Eastern Mediterranean region, 1990–2015: 
findings from the global burden of disease 2015 study. Int J Public Health; 63(Suppl 
1): 25. doi.org/10.1007/s00038-017-1006-1 
5. GBD Cardiovascular Disease Collaborators (2017). Global, Regional, and National 
Burden of Cardiovascular Diseases for 10 Causes, 1990 to 2015. J Am Coll 
Cardiol. 4;70(1):1-25. doi: 10.1016/j.jacc.2017.04.052. 
6. GBD 2016 Risk Factors Collaborators (2017). Global, regional, and national 
comparative risk assessment of 84 behavioral, environmental and occupational, 
and metabolic risks or clusters of risks, 1990-2016: A systematic analysis for the 
Global Burden of Disease Study 2016. The Lancet; 390 (10100),  pp. 1345-1422.  
7. Hagos A, Fekadu S, Allison T, Wondafrash M, Workicho A, et al (2017). The 
Prevalence of Peripheral Arterial Disease and Associated Factors among Adults in 
Jimma Town, South-West Ethiopia: A Community Based Survey. J Clin Exp 
Cardiolog 8:534. doi: 10.4172/2155-9880.100053 
8. Workicho A.,  Kassahun W., Alemseged F, (2017). Risk factors for MDR-TB 
among Tuberculosis patients: a case control study. Journal of infection and drug 
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9. Hintsa S, Dube L, Abay M, Angesom T, Workicho A (2017). Determinants of 
diabetic nephropathy in Ayder Referral Hospital, Northern Ethiopia: A case-control 
study. PLoS ONE 12(4): e0173566. doi.org/10.1371/journal.pone.0173566 
10. Workicho A., Belachew T., Feyissa GT., Wondafrash B, Lachat C, Verstraeten R, 
Kolsteren P(2016).Household Dietary Diversity and Animal source food 
consumption in Ethiopia: Evidence from the 2011 WMS. BMC Public Health.  
25;16(1):1192. DOI: 10.1186/s12889-016-3861-8 
11. Facha W, Kassahun W, Workicho A (2016). Predictors of provider- initiated HIV 
testing and counseling refusal by outpatient department clients in Wolaita zone, 
Southern Ethiopia: a case control study. BMC Public Health.16:783. 
doi:10.1186/s12889-016-3452-8. 
12. Ali K, Workicho A, Gudina EK (2016). Hyponatremia in patients hospitalized with 
heart failure: a condition often overlooked in low-income settings. International 
Journal of General Medicine;9:267-273. doi:10.2147/IJGM.S110872. 
13. Jarso H, Workicho A, Alemseged F (2015). Survival status and predictors of 
mortality in severely malnourished children admitted to Jimma University 
Specialized Hospital from 2010 to 2012, Jimma, Ethiopia: a retrospective 
longitudinal study. BMC Pediatrics;15:76. doi:10.1186/s12887-015-0398-4. 
14. Mohammed Adem Mohammed, Jemal Hussein Ahmed, Workicho A., Hisham S., 
(2013).  Aljadhey. Medications use among pregnant women in Ethiopia: A cross 
sectional study. Journal of Applied Pharmaceutical Science Volume: 3, Issue: 4. 
15. Mohammed Adem Mohammed, Workicho A., Hisham S. Aljadhey, Jemal Hussein 
(2013). Ahmed Supplement Use among Pregnant Women in Ethiopia: Prevalence 
and Predictors. Drug information journal. 
16. Workicho A., Zeynudin A, Dejene T, Wolde M, Sudhakar M (2012). Risk factors for 
tuberculosis after highly active antiretroviral therapy (HAART) initiation among HIV 
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Manuscripts under Review  
1. Workicho A., Belachew T., Ghosh S., Kershaw M., Lachat C. and Kolsteren P. 
Burden and determinants of under nutrition among young pregnant women in 
Ethiopia: A multivariable hierarchical regression analysis. Maternal and child 
Nutrition, under review, Manuscript ID MCN-04-18-OA-3181 
2. Workicho A., Belachew T., Argaw A., Roba A., Ghosh S., Lachat C. and 
Kolsteren P. The role of maternal nutritional status in the association between 
young maternal age during pregnancy and newborn birth outcomes in Ethiopia: a 
mediation analysis. Br J Nutr, under review, manuscript ID is BJN-RA-18-0655. 
3. Workicho A., Belachew T., Argaw A., Ghosh S., Kershaw M.,  Lachat C. and 
Kolsteren P. Young maternal age and linear growth of infant: A  birth cohort study 
in Ethiopia. Nutrition Journal, under review, manuscript number is NUTJ-D-18-
00304R1 
Conference presentations: I have participated and presented abstracts in various 
national and international conferences 
1. Seventh national tuberculosis research conference in 2011 held in Mekele, 
Ethiopia: presented a research paper on “Risk factors for MDR-TB in Ethiopia” 
and awarded best abstract of the conference. 
2. 13th World Federation of Public Health Associations: presented an abstract 
entitled “Risk factors for tuberculosis after highly active antiretroviral therapy 
(HAART) initiation among HIV patients: A systematic review.” in 2013: received 
certificate of presentation. 
3. 26th Ethiopian Public Health Association conference 2013: presented an abstract 
entitled “predictors of Household Dietary Diversity in Ethiopia.” 
4. Attended the 3rd micronutrient forum global conference in Addis Ababa Ethiopia, 
2013. 
5. Presented an abstract entitled “Household Dietary Diversity and animal source 
food consumption in Ethiopia: Evidence from the 2011 WMS survey” on ENGINE 
research dissemination workshop in 2015. 
6. Attended the first Agriculture Nutrition and Health conference which was held in 
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